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I. INTRODUCTION

The objective of the present investigation is to develop a finite element
model and computer program for the purpose of handling elastic-plastic
material with rate-dependent yield conditions.1  The effort is in two
parts. The first part involves the analytical development in which the
appropriate incremental, stress-strain relations are developed. The second
part of the effort involves developing a finite element computer program
which incorporates the analytical development. This computer program will
be based on previously devel2ped, approximate three-dimensional elastic-
plastic computer code, SANX. ' The code SANX is designed to perform
structural analysis on cylindrical configurations which are approximately
axisymmetric and which have definite nonaxisymmetric features. The code
SANX was developed both for elastic and elastic-plastic materials with no
time dependent properties.

2,3

The starting point for the development if a three-dimensional finite
element code is the one-dimensional analysis which formulates the visco-
plastic response in terms of the effective plastic strain. This approach
is extended to the development of the three-dimensional model in the
present investigation.

SI

*) I

* 1. W.H. Drysdale, "A Theory of Rate Dependent Plasticity," Ballistic
Research Laboratory Report, APG, MD. (Forthcoming)

2. A.R. Zak, J.N. Craddock and W.H. Drysdale, "An Elastic-Plastic Analysis
of Non-Axisymmetric Structures," International Journal of Computers
and Structures, vol. 10, pp. 841-846, 1979.

3. J.N. Craddock and A.R. Zak, "An Approximate Finite Element Method of
Stress Analysis of Non-Axisymmetric Bodies with Elastic-Plastic
Materials," Technical Rept. UILU-ENG 79 0S01, Aeronautical 4 Astronautical
Engineering Dept., University of Illinois, Urbana, March 1979.
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II. RATE DEPENDENT MATERIAL MODEL

The rate dependent plasticity model was introduced for isotropic
material and used in the analysis of uniaxial stress case.1 The same
model will be used in the present investigation with a slight modification
to allow for use with orthotropic materials2 ,3 when needed. The yield
condition for orthotropic materials will be represented by Hill's criterion

2

and this reduces to the octahedral shear stress criterion in the limit for
isotropic materials. 1

Using the rate dependent model for the yield criterion1 the yield
function is taken in the form:

f{Oij - a..) = K(i?) (1)

where a.. represents the strain hardening parameters. The rate dependence

is defind by the function K which is represented by:

K( J) = [1 + bln(l + 2 (2)

Equation (2) is an empirical formula which contains material constants b

and e . The dependence of K on the rate is through the variable P which

will be defined later as the effective plastic strain rate. It may be noted
that for isotropic material1 the function K in equation (2) is multiplied by
the square of the uniaxial yield stress at zero rate. In the case of the
orthotropic material there are, in general, six yield stresses and it is
not possible to separate one stress from the yield condition. The six yield 2
stresses are included in the function f on the left hand side of equation 

(2).

Using equation (2) to represent rate dependent yield condition for orthotropic
materials implies an assumption that each yield stress is dependent on the
rate by the same relation to the effective plastic strain rate.

The next step in the development is to obtain an incremental stress-
strain relation. From the plastic flow rule the plastic strain changes
are related to derivative of yield function

2 :

de?. = diaf (3)

Using the definition of kinematic strain hardening:

da.. = CdEY. = CdXaf-. (4)
13 13 i

2
where C is the strain hardening parameter. During the incremental plastic
deformation the stress and strain changes must remain on the yield surface
and, therefore, from equation (2):

af da + f -. - d . =0 (5)
ac ijff- dij 3ai diJ ? j

ij
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2
It can be shown that:

=i - (6)

and, therefore, combining equations (4) and (6) with (5) gives:

i do. " CdX fP - 0

ii ij

Solving for the parameter dX from equation (7):

d - if af di - dc (8)

ij ij IEi

Combining equations (3) and (8) and changing the repeated indices in
equation (8), for clarity, gives the incremental change in the plastic
strain:

dej- f I f f don 3K dip a (9)

I ~ m -na~p ij

Consider now the elastic stress-strain relation for incremental changes:

doij Eijkl(dck - depk) (10)

where Eijkl represents elastic material properties2 matrix and dzkl the
total strain changes.

Returning to equation (7) and substituting for doij from equation (10) and
rearranging gives:

dA a Eikldekl - ] (11)

ij

where D is by definition:
- afc -l (2

D (C ij aa I Eijkl k(12)

7
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Substituting equation (11) into equation (10) gives:

doij = [Eijkl - DE. mkl a rs dr kl

3f aK dOp
+ DE - de k (13)

ijrs rs P k
Cy

Using shorthand notation previously introduced for elastic-plastic materials
2

permits writing equation (13) in a short form:
d A d3K d2P (14)

ij 0 Aijkl ijrs crs 3 kl
ki

It may be noted that if the strain rate term is neglected on the right hand
side of equation (14), then the remaining terms represent the relation be-
tween total incremental stress and strain changes for elastic-plastic material
used in SANX model. The next step in the development of the rate dependent
model is to introduce the effective plastic strain increment defined by:

dOp - "2/3 dep dOP (15)ij ij

The objective of this will be to use this concept to replace the strain rate
term on the right hand side of equation (14). Using flow rule, equation (3),
in equation (15) results in:

d p - dX 2/3 -f -- (16)
aaij a0ij

Returning to the yield function and the function K, an incremental change in
this parameter can now be written as:

dK- - _. diPj P dOp (17)

ij ii

*! But:

Ri p  j ft dC'p  (18)

Therefore:

aK OP a

ij
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Returning now to equation (7) and substituting for dA from equation (16) and
using equation (19) results in:

dep

af dau. - C a 2/3 - 3 dR 0 (20)3a j ij 'aij 2/3 i 'Wf - Ui~ - -;P d p =0(0

ij ijij ij

The second term in equation (20) can be simplified and equation rearranged as
follows:

KdOp + 3/2 C 2/3 de--- af d p  (21)

Pi c, ij (21)

Equation (21) can be compared directly to equation (III.Sa) of Reference 1,
for isotropic materials, with the following substitutions:

= 2/3Oy - (22)

and

an2 / 3 f = 2/ 3 a 
(23 )

aa ij ij

Before proceeding further with equation (21) it is useful to obtain the
expression for rate of change of K. Using equation (2) and differentiating:

2[1 + bln(l + ;-)] b (24)

wh Consider now equation (21) and apply it to an interval of loading over
i which the rate of change of stress is represented by a constant.

General equation (21) has variable coefficients. However, if it is applied

to a small interval of loading the coefficients can be assumed to be constant
over this interval. Over such interval the stress variation can be approximated

* by a linear variation with time:

da u dt (25)ij ij
where Oij are constant rates and time t is measured from the beginning of the
interval. Equation (21) can now be reduced to an ordinary differential equation
over a small time interval. This is done by substituting:

9



= d dt
dt

dEp = d dt (26)dt

Using equations (25) and (26) in (21) and cancelling dt:

EPK.p+ 3/2 C 2/3  - a. (27)

The solution to equation (27) can be shown to be of the following form:

-tEP - At + k + k - (28)1 2

where by definition:

D * af t a

f = C(29) aa. aa.

and k, and k2 are unknown constants. Time t is measured from the start of
the interval. The constants kl and k2 are evaluated from the conditions at
the start of the interval:

att=0

ep Cp
0

CY 0c (30)

Using equations (30) to evaluate k and k2 gives:

k l (A- (31)

Substituting into equation (28) for k and k e2 results:

EP At + EP (A - e- t) (32)

10
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Differentiating equation (32) gives the rate of change:

:P- -A - P~-  (33)

Consider now a time interval t-O to t=At and use equation (33) to obtain the
change of the effective plastic strain rate:

d P - P
0

= (A - o)Cl - e" t) (34)

0

Returning to the incremental stress-strain relation and substituting first

for the rate term from equation (19) and then expressing dip from equation (34)
gives the following:

doij = Aijkldckl

+.DE .5 t K.._(A - :P)(I - e - A) (35)
ars 7P

Equation (35) is now a suitable incremental relation over a load time step
At which gives the change in stress in terms of change in total strain and in
terms of parameters which can be calculated from previous time step. The
second term on the right hand side of equation (35) represents the rate effects
and, in the finite element model, it will contribute to the body force.

1
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i III. NUM4ERICAL CALCULATIONS

i The analytical development of the previous section has been incor-

porated into the elastic-plastic version of the SANX cobputer code. -

The basic arrangement of the SANX code has been retained. The main changes
to the program involve changes in the Subroutine ELPLSS which assembles
the incremental plastic stress-strain relations. In the new version the
incremental stress-strain relations are based on the equation (35). The
basic input procedure for the new SANX is the same as the original code
except for the first input card. This car4 has been modified to input
the rate dependent material parameters b, c defined in equation (2), and
the time interval At needed for the time dependent incremental solution.

The first input card in the original elastic-plastic SANX was:

Card 1 (Original)

Format (2110)

Columns 1-10 NTOTS
Number of segments (8 maximum)

11-20 NOLINC

Number of load increments

The new input card is:

Card 1 (New)

Format (2110,3E12.6)

Columns 1-10 NTOTS

11-20 NOLINC

21-32 DELTIM
Time increment At

33-44 BVR
Material parameter b

45-56 EVR
Material parameter eo

In order to check the new program constant stress rate was applied
to sample examples which simulates uniaxial loading and the results were
compared to those obtained from uniaxial solution of Reference 1. The
uniaxial analysis of Reference 1 is in two parts. The first part is an
incremental uniaxial solution and the second is an exact solution for
constant stress or strain rate loading. The incremental solution of
Reference 1 was first compared to the exact solution and it was found
that modifications were necessary to the incremental solution to make it
agree with the exact formulation. The comparison of the results from the
three-dimensional SANX program are made to the modified incremental,
uniaxial formulation.

12
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The first comparison was made between the uniaxial incremental
solution and the uniaxial exact solution from Reference 1. The purpose
of this comparison was to establish the effect on the accuracy of the
size of the load steps at various stress rates. Figure 1 shows these
results where the incremental and the exact solutions are shown for a
wide range of stress rates. The results are presented both in Metric
and British units. The Metric units are given in parentheses directly
under the corresponding British units. Figure 1 presents results for
two load steps of 2x10I psi (13.7 GPa) and 8xlO3 psi (55.1 GPa). The
time step At was adjusted to give the desired stress rate. These results
are for the following material parameters:

rate-dependent yield parameters;

b = 3.6 x 10-2

Co = 3.0 x 10-

elastic modulus;

E = 16.8 x 106 psi (115.7 GPa)

strain hardening parameter;

C = 0.259 x 106

yield stress;

Gy a 133 x 103 psi (0.916 GPa)

Comparing solutions in Figure 1 it can be seen that relatively good agree-
ment exists between exact and incremental solutions. This is especially
true for the smaller load step of 2xlO psi (13.7 GPa). It is expected
that smaller load steps will give more accurate results.

The next comparison involved using the new three-dimensional computer
program to analyze a uniaxial situation composed of a cylindrical body
subject to axial load. The results are compared to the exact uniaxial
solution of Reference 1. These results are presented in Figure 2 for the
two different load step sizes used in Figure 1. As in Figure 1, the results
are presented in two different systems of units. It is expected that the
results in Figure 2 should duplicate results in Figure I if the three-
dimensional code is working properly. It can be seen that the results
between uniaxial incremental solution and the finite element program are
almost identical.

13
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Figure 1. Comparison of uniaxial incremental and exact solutions
for different stress rates and different load steps.
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PROGRAM SAI4XVR:' T NUU OUTV'"UT T At -V 5= IiP UT, TA.' E440-0UTFUT TAPE1I
*1 TAPE 2, TAPE:3,T"A:E15Y

2TAPE2 - . P2T Arw,

BRLESC FINITE ELEMiENT SIRESS AINLYS1S OF Avl SYM,"ETR1C,
C PLANE STRA 1NP A '~2I PL ANEl STR ESS SOlL Ir.. W ITH QVRT1'O,7hOF !CP

c**** * * * * * * * * * * * * * * * * * * * y,, * * cf
INTEGER CODE
COMMON/VISC/EPSIIN( 12v10 P8 )vSIGVP( 6 )DEPSR(i 0y8 ' v ZLT It'
COMMON/RATE/DKPRY SXQPRDVRPvEVR ,PSRATE( 109,8) _AT

*COMMON/ INCR/NOLINC PNOL PINERT PNIUIIAT ,SICTOT( 12o 4,3 0)
1 ,EPSTOT( 12P 498)

COMMON/PLAS/ALFA(6, 4P )YSICYLl( 7t6v 8 )fIFGPL( 4 P8 )
COMMON/BOCON/NRDFNREQ( 18),URES( 18)
COMMON/NPE'ATA/R(10 )PCOIJE(1O )FXR(10 )PZ( 10 ),XZ(10 o,

1NPNUM( 4v 8)YT(10 )iXT(I0 )
COMMON,'ARG/RRR( 5) 9ZZZ( 5) PRR( 4) vZZ(4 ) PS(15 t15 ) vP( 15 )PTT( 6)

COMMON/"ELDATA/8"ETA( 10 )YEPR( 10 )PPR( 4 )FSH( 4 )3,1X(8 rS)f
lIP(4 )PJP(4 )PIS(4 )YJS(4 )YALPHA(10 ),T( 4 )PJT( 4 )p
2ST(4)

COMt1ON/EBASIC/ACELZANGVELrANQACCTREF, VCLNU~tNPNUME&tUIPCt4UV4S%'u
INUMST
COMMON/NXMESH/THETAN( 8),NFC( 8,8)
COMMON/ANS1/NUMELS( 8 )NUMNPS( B)
COMMON/NXDATA/NTPN4TSNTOTSPGTS1C( 2'4,2'4,8)
COtIMON/NONAXI/S1( 30,30 ),P.( 30 ),THETA,14.SI( 6,30 )
COMMON/SOLVE/X( 888 ) vY( 888 ) YTEM( 888 ),Y NUMTC, 9 BANIE
COMMON/TE/IMIN( 100 )y IMAX( 1.00 )PJMIN( 25 )PJMAX( 25 ),V.AXIPMAXJNMTLtt4BC
COMMON/CON VRG/IDONE
COM MON/P LANE/UPP
COMMON/RESULT/BS( 65 ),( 6,6 )C( 66 )ARBB( 6Y9 )CNS( 6p6)
COMMON/ MAT P/R0( 6 ) 9E( 12 v16v6 ) 9EE 16 ) YAOFTS(*6 )
COMMON/ NX SOLV/ SKG( 36 s,2Z4),FTC .32),FTOT( 13)ITOT
DIMENSION TITLE( 20)

C** ** ** * * * *** * *** *** ******
C READ AND WRITE CONTROL INFORMATION

REA'( 59300O) NTQTSNOLINCDELTIMEiVRiEVR
WRITE(693017) EVRFEVR

3017 FORMIAT( 1H P" BVOR = C124i V ")* A
V DO 150 I=1,NTOTS

150 READ'(5,3001 ) THETAN( I
DO 152 I= 19uNTOTS

152 READ(5,3002) (NPC(IYJ)YJ=178)
*3000 FORMAT( 211073E12.6)

3001 FORMAT(F10,5PI10)
3002 FORMAT(TIO)

REWIND 15
REWIND 26
REWIND 21
REWIND 25
WRITE( 6,3010)

3010 FORMAT( "1" ,"SEGMIENT DATA FOR NUNAXISYMMETRIC K%'OBLEM")
WRITE(6i301.1) NTOTS PNQLINC ,tiELTIti

3011 FORMAT( v '" NUMB~ER OF' TOTAL SE CMUITS Ph,15 P/
2 '~NUMTi'R OF LOAD' It4CREMiENTS =' ,15,//,
3 ' TIMiE I~RE'

19



I DO 153 I=19NTOTS
WRITEC 6P3012) IPTHETAN( I)

3012 FORMAT(" "/I"SEGMENT TYPE =~I/~ THETA 105
153 CONTINUE

DO 154 I=lPNTD'rS
154 WRITE( 6P3014 )I f,tPC( I rJ )PJ18P)

3014 FORMAT("& "vICONNECTING NODES FOR SEGhENThI5, ARE',31:1)
DO 910 NOL=1,NOLINC
WRITE(692030) NOL
REWIND 15

DO 950 NTP = 1vNTOTS
THETA= THETAN(NTP) /57.295780
IF(NOL*NE.1)GO TO 5j25

50 REAI( 591000 )TITLENNLANUMTCNUMMATtNUMPCi4UMSC,W-,4&'T.TREF
1, INERT ,NLINCP INCIPINCFi IPLOT

WJRITE( 692000 )TITLEiNNLAPNUTCNUM1AT vNUMiPCtNUMSCv NU.i3TtTREF v INERT I
1NLINC

WRITE( 15 )NUMTCvNUMMATPNUMPCPNUMSCtTREFP INERTv INCI 9INCF
NPP=0

c GENERATE FINITE ELEMENT MESH

100 CALL MESH
DO 155 11,PNUMEL
IFCPL(IPNTP)=0

PSRATE( IPNTP )=0.0
DO 155 J=1,12
SIGTOT( JPIPNTP )=0.0
EPSTOT( J,IPt4TP )=0.0
ALFA( J rI mNTP )=O. 0

EPSDN( JPIYNTP )=0.0
155 CONTINUE

bSRITE( 15 )(R( I )v =1 NUMNP)
IJRITE( 15)(Z( I )p=19NUt1NP)
NUMELS(NTP) = NUMEL
NUMNPS(NTP) = NUMNP

IF (IPLOTEQ.1) CALL MPLOT
C* * * * * * * * * * * * * * * ********* ***********
C READI AND WRITE TEMPERATURE DATA

103 IF(NUtITC.EO.0) GO TO 440
IF(NUMTC.GT.0) READ(51,1001) (X(I)iY(I)PTEM(I),I=lNU'1TC')
IF( NUMTC.E.-:) CALL TEM2;( NUMNP)
IF(NUJITC.EO-2) GO TO 440

*1 MPRINT=0
DO 210 I=1,NUMTC
IF(MPRINT*NE.0) GO TO 200

* WRITE 6,2001)
MPRINT=59

200 MPRINT=MPRINT-1
210 WRITE( 6,2002) X( I )Y( I )TE.( I)

MPRINT=0
DO 230 N1,PNUMNP
IF(MPRINT.NE*0) GO TO 220
WRITE( 6P2003)
MPRINT=59

220 MPRINT=MPRINT-1
CALL TEMP(R(N)pZ(N)rT(N))

-230 W'RITE(bP2004) NrR(N)pZ(N)tTU4)
440 IPRINT:0 

2
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I [D0 460 N=1vNUKEL
IF(:MPRINT.NE.o) GO TO 450
WRITE( 6v2008)
MPRINT=%59

450 MPRINT=MPRINlT-1
II=IX(Nvl)
JJ=IX( N92)
KK=IX( NP3)

* LL=IX(NP4)
C
c TEM IS TEMPORARY STORAGE FOR ELEMENT TEMPERATURES
C

TEM( N )=( T( I I )+T( JJ )+T( KK )+T( LL ) )/4 o 00
460 WRITE(69,2009) N,(IX(NI)Il=5)BETA(N)ALPHA(N)PTEM(N)

WRITE(15)((IX(IPJ)pJ~l5)1YI=IPNUMEL)
IJRITE( 15 )(BETA (I)PI=1?NUMEL)
WRITEC 15)( ALPHA( I ),1=1vNUIIEL)
WRITE( 15)(TEM (I )vI~ljNUMEL)

DO 470 K=1uNUMEL
470 T K )=TEM( K)

Cs******************************* ***
C READ AND WRITE MATERIAL PROPERTIES
C* ** * * ** ** * *** ** ** * *** ** * *** * *** ** * ** I
500 CONTINUE

DO 510 M=lrNUMMAT
REA'( 5v1004) MTYPEP( NT YRO( MTYPE ),AOFTS( MTYPE)) -

WRlTE( 6t2010) MTYPEPNTvRO( MTYPE)

READ(5,1005X(SICYLD(I,MTYPENTP),I=1P7)
IF(AOFTS(MTYPE).NE#1.) 'WRITE( 6P2011 )((E( IPJPMTYPE)PJ=lY13),I=lvNT)
IF(AOFTS(ITYPE).EQ1 .) WRITE(6,2012)((E(IvJKTYPE)J1,13),11,PNT)
I4RITE( 6,3015)( SIGYLD( I MTYPEINTP ),I=l1,7)

3015 FORMAT(1H 9"YIELD STRESSES ARE :'"p/
11H 9,Yl1 = "PE15*7/
21H r"Y22 = ',E15*7/
31H v"Y33 = "PE15#7/
41H 9"Y12 = "YE15*7/
51H v"Y13 = "PE15.7/
61H P"~Yj3 = hE15#7/
71H t" C = *PE15*7)

WRITEC 15)MTYPEYNTP RO(MTYPE)
WRITEC 15 )((E( IJ,MTYPE ),J=1v14 ),I=1,NT)

11O 510 I=NTY12
DO 510 J=1,16

510 EC IPJPMTYPE)=E(NTPJ9,MTYPE)
GO TO 526

525 CALL DATA
526 CONTINUE

DO0 900 NL=1,NLINC
ACELZ=0.*00
ANGVEL=0#00
ANGACC=0#00
IF( INERT *ED* 0) GO TO 511
IF(NL .ME. I *AND, INCI ,EQ. 0) GO TO 511

C READ AND WRITE DYNAMIC FORCES

READ(591030) ACELZv ANGVELP ANGACC
WRITE(6,2031) ACELZP ANGYELP ANGACC
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* C READ AD -'R I TLi: ; : Ai:r r: Lr"U 1ER CcN IT' 0

FNL .E. 1 *A if:. IN F *E0. 0) GO TO70
600 IF( NUiPG, EP. 0) GO 0O 63 0

MPRINT-0
DOP 620 L=1vNUiIP-'C
IF(MF'INToNE.0) GO TO 610
WRITE(6'2013)
MPF:1NT=53

610 MPRINT=MPRINT-i
REAIZ( 591006) IF( L )JP( L )ffR(L )

620 WRITEL9,2014) FLJP)P(L
630 IF(NUt'SC.EO.0) GO TO 701

MPRINT=0
DO 650 L=19NUMSC
IF(MPRINT.fNE.0) GO TO 640
W~RITE(6,2015)
MPRINT=58

640 MPRINT=MPRIOT-1
REAI'(571006) IS( L hJS( L )SH( L

650 URITE(6P2014) IS(L)jJS(%L)YSH(L)
*701 IF(NUMSTEQ.0) GO TO 700

MPRINT=O
DO 680 L=lvNUMST
IF(MPRINT.NE.0) GO TO 670
WRITE( 6 ,2025
MPRINT=58

670 MPRINT=MPRINT-1
REAIMS5,1006) IT(L)rJT(L),ST(L)

680 WRITE( 6v2014 )IT( L )9]T( L ),ST( L

C DETERMINE BANDWIDTHY INITIALIZE ELASTIC-PLASTIC RATIO,
C AND CONVERT BETA FROMi DEGREES TO RADIANS

700 J=0
DO 710 N=1,NUMEL

DO 710 1=194
DO0 710 L=1i4
KK=IABS( IX( N , I )-IX( N YL)
IF(tKK#GEL.J) J=tKK

710 CONTINUE
MBA Nl'=3*J +3
IF(NL.CT.1) GO TO 721
lI0 720 N=lvNUMEL
EPR( N )=l

(I ALPHA(HN)=ALPHA( N)/57 *295780
720 E'ETA( N)=E4ETA( N)/57.295780
721 CONTINUE

* C* * ** * * ** * * * * * * * * ***
c SOLVE NONLINEAR PROBLEM BY SUCCESSIVE APPRFOXI'MATI ON S

DO 800 NNN=1,NNLA

C FORM STIFFNESS MATRIX
C

CALL STIFF
c
c SOLVE FOR DISPLACEMENTS
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C
CALL SOLV

C COMPUTE STRESSES
C
e CALL STRESS

CALL STORE
IF(IDONE.NE.1) CO TO 300

799 NITER=NNN
IF(IDONE.EQl) CO TO 310

800 CONTINUE
810 IF(IDONE*EQ.1) WRITE(6,2016) NITER

IF(IDONENE.1 ) WRITE(6,2017) NITER
900 CONTINUE
950 CONTINUE

ITOT=24+12*(NTOTS-1) NEWDYN

IF(NOLNE.1) CO TO 88 NEWDYN

$ NEWDYN

C INITIALIZE PREVIOUS HISTORY TOTAL DISPLACEMENTS NEWDYN

C ~~~~ NEWDYN

DO 89 I=IITOT NEWDYN

FTOT(I)=0.00 NEWDYN

89 CONTINUE NEWDYN

88 CONTINUE NEWDYN

CALL ASEMBL
CALL ANSWER

910 CONTINUE
1000 FORMAT(20A4/6I5,F50,5I5)
1001 FORMAT(3F100)
1004 FORMAT (21592F10o0)

1005 FORMAT(7F10.0)
1006 FORMAT (215,F10o.0)
1030 FORMAT(3F10.0)
2000 FORMAT (2H1 P20A4/

I 33H0 NUMBER OF APPROXIMATIONS ------ 14/
2 33H0 NUMBER OF TEMPERATURE CARDS---14/
3 33H0 NUMBER OF MATERIALS ----------- 1 4/
4 33H0 NUMBER OF PRESSURE CARDS ------ 14/

A 5 33H0 NUMBER OF SHEAR CARDS --------- 14/
6 33H0 NUMBEP OF TORSION CARDS ------- 14/
7 33H0 REFERENGE TEMPERATURE --------- E12.4/

* 8 33H0 NUMBER OF INERTIA CARDS ------- 14/
9 33H0 NUMBER OF LOAD INCREMENTS-----I4/)

2001 FORMAT (1H1,13X,1HR,14X,1HZ,14X,1HT)
2002 FORMAT (3F15,3)
2003 FORMAT (35H1 N R Z T)
2004 FORMAT (15,2F10.4,F10,0)
2008 FORMAT (74H1 EL I J K L MATERIAL ANGLE BETA ANGLE A

1LPHA TEMPERATURE)
2009 FORMAT (I5,4I4,18yF11o1,2Fl3.3)
2010 FORMAT (1HI,"MATERIAL IDEtTIFICATION NUMBER ,I2/
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11H 9'NO. OF MATERIAL TEMPEFRATURE CARIVS ~v
21H P"MASS DENSITY ~'E15.7)

.2011 FORMAT (1K w'TEMPERATURE ="YE15,,7/
11K P"MODULUS OF ELASTICITY-EN =aE15.d7/
21H " t, (DUL US OF ELASTICITY-ES ="YE.15.7/
31H v "VD US OF ELASTICITY-ET ="YE15../
41H 9 11POISSON RATIO-NUNS =',E15.7/.
51H P"POISSON RATIO-NUNT :-"vEl5*.7o
61H 9,"POISSON RATID-NUST ="YE15.7/
71H v"SKEAR MOL'ULUS-GNS ="YE15.7/
81H ,'"SHEAR IODULUS-GST ="PE15.7/
91H vhSHEAR MOD-ULUS-C-TN ="YE15.7/
11H ,tCOEFFICIENT OF THERMAL EXPANSION-AN =',E15.7/
21H 7"COEFFICIENT OF THERMAL EXPANSION-AS =',E15,7/
31H P"COEFFICIENT OF THERMAL EXPANSION-AT =*tEl5*7/)

2012 FORMAT (1H Y'TEMPERATURE ="PE15,7/
11H v"MODULUS OF ELASTICITY-EN =*YE15.7/
21H ?"MODULUS OF ELASTICILTY-ES =' E15.7/
31H P"MODULUS OF ELASTICITY-ET ="PE15,7/
41H v"POISSON RATIO-NUNS ="YElS.7/
51H ,hPOISSON RATIO-NUNT ="PE15.7/
61H v"POISSON RATIO-NUST,="YE15.7/
71H t"SHEAR MODULUS-GNS ="YE15.7/
81H .,"SHEAR MODULUS-GST ="PE15*7/
91H 9"SHEAR MOE'ULUS-GTN ="YE15.7/
11H P'FREE THERMAL STRAIN-FN =",El5.7/
218 P*FREE THERMAL STRAIN-FS ="PE15.7/
31H Y"FREE THERMAL STRAIN-FT =I&,E15.7/)

2013 FORMAT (30H PRESSURE BOUNDARY CONDITIONS/20H I J PRESSURE)
2014 FORMAT (2159,Fl0.1)
2015 FORMAT (27H SHEAR BOUNDARY CONDITIONS/17H I J SHEAR)
2016 FORMAT (26H THE SYSTEM CONVERGED IN I&2v11H ITERATIONS)
2017 FORMAT (33H THE SYSTEM DID NOT CONVERGE IN 12vllH ITERATIONS)
2024 FORMAT (43H0 THE AXISYMMETRIC OPTION NAS BEEN SELECTED)
2025 FORMAT(30H TORSION BOUNDARY CONDITIONS/17H I J SHEAR)
2030 FORMAT(1K P45XYh************ LOAD STEP ** **$ ='"t1 4 )
2031 FORMAT(1KO v*AXIAL ACCELERATION ="YE12*4/

11HO v"ANGULAR VELOCITY =",YE12,4/
21H0 v"ANGULAR ACCELERATION=" ,E12*4)

920 STOP
END
SUBROUTINE ANGLE (RYZRCPZCPANG)

* C FIND ANGCLE OF INCLIM!ATION BETWEEN 0 AND 2*PI

V P1=3*1415927
A E'1(Z-ZC)

D2=( R-RC)
* IF(ABS(R-RC),GT.1,E-8) GO TO 100

ANG=PI/2,
IF(D1.GT.1.E-8) RETURN
ANG=-ANG
RETURN

C* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C ALLOW CIRCLE TO CROSS AXIS

100 ANG=ATAN2(D1,112)
RETURN
END
SUBROUTINE ANSWER

INTEGER CODE
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COMMON/V ISC/EPSDNu21dPOv8SP I GVP 6 t!EPSR( 6P I Or IELTI M
COMMON/F.ESULT/( 61 )D( 616 )C( 66)AR BB6f9 )CS'%61s
COMMaN/PLAS/ALFA(6y 4t8)PSIGYLD(7P6.,8) I F~rL( 4 P8)
COMMON/INCR/NOLIlCPNOLP INERT YNUMMATPSIGTOT( 12t 4,0)

1 P EPSTOT(12P 4v8)
COMMON/ELDATA/BETA(10 )PEPR(10 P PR( 4 ),SH( 4 )v IX( 8 P,5)P

1IP( 4 )YJP( 4 )PIS( 4 )PJS( 4 v ALPIAC 10 )#IT(4 )YJT( 4 Pi
2ST(4 )
COMMON/AR/RRR 5 )ZZ(5 )RR( 4 )ZZ( 4 )S(15 15) P(15 )PTT( 6)9

COMtION/NXSOLV/SKG( 36 ,24 )PFTG( 132 )tFTOT( 132 )PITOT
COMM~Ot/ANS2/ UT1(24)t G(24924)y GR1(2d'4t24)Pr'uMM(24r24)
COIIMON/ANS1/NUIELS(B8)PNUMNPS( 8)
COMMON/NONAXI/SiC 30,30 )PP1( 30 )PTHETArBS1( 6,30)
COMMON/NXDATA/NTP vNTS PNTOTS 9 TSlG( 24 924P8)
COMMON/NXMESH/THETAN(B8).NPC( 8,8)
COMMON/ARG1/SIG1( 18)PEPS1( 18),DEPSP( 12)tCEPSP(6P6)
COMMON/SOLVE/B( 72),A( 72p36 )PNUMBLKPMBAND

DIMENSION UT( 24 )PUC1( 24 )PUC( 24 )gR1(2&4t24)
REWIND 25

REWIND 26
REWIND 21

KOLD= 1
DO 100 K=1,NTOTS
NS=K
KNEW=K

NUMNP = NUMNPS(K)
NUMNP3 =3*NUMNP
NUMEL =NUMELS(K)
K20 = 21

READ( 26) (4( I )PI=19NUMNP3)
REAII(26) ((IX(IYJ)vJ=lv5)rIiirNUMEL)
WRITE(691200) K
READ(25)(UR1( IJ),J=1924)PI=1924)
DO 110 KK=lv4
NPI = NPC(NSPKK)
NP2 = NPC(NSPKK+4)
DO 110 I=193

UC(3*(KK-1)+I) = B(3*NP1-3+I)
UC(3*(KK-1)+I+12) = B(3*NP2-3+I)

110 CONTINUE
DO 115 KK=1924

115 IJT(KK) = FTG(KK+(NS-1)*12)
WRITE(69900)

900 FORMAT(" "Y" EL SIGMAR SIGMAZ SIGKAC SIGMARZ SIQGiAZC"
I ' SIGMACR SIGMAN SIGMAS SIGMAT SIGMANS'

2 " SIGMATNP/n EPSR EPSZ EPSC EPSRZ
3 "EPSZC EPSCR EPSN EPSS EPST EPSNS
4 'EPSST EPSTN')

IF(KOLDEQKNEW) REWIND 21
IF( KOLD*NE*KNEW) KOLD=KNEW

DO 120 N=1,NUMEL
MTYPE=IAIS( IX( N95))

READ(K20)((BS1( IPJ),J1,P30)1 11 316)
READ(K20)(( G(IPJ),J=1,24),11vP24)
READ(K2O)((CEPSP( IJ),J=1,6),11,v6)
READ(K2O)((CNS( IJ),J=1,6),11P6)
READ(K2OX(D( IJ)PJ=1P6)1 I=1v6)
READ( K20)(C(I'J )J=1 ,6 ) I- ,6) 2
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D 11 125 1 =I y2 4
DO 125 4=1,24

GR1(I,.i) =0.00

1:O 12 5 M = 1,4
125 GRI J ) = GR I ( 1J) 1 G( I M) M v.1

DO0 126 I=1,24
UC1(I) =0.00
lITl( I) =0.00
DU0 126 4=1,214
LI( I) UC 1( I ) + GR 1( I1v )*UC( .1)

126 UTI(I1) UT1(I ) + GR1(IJ)*UT(J)
DO 130 1=1?4
11=3*1

Pl( 11-2) =B(JJ-2)-
P1( 11-1) = B(J4-1 )

P1( I1 ) = EB(J )n
P1(11+11) =B(JJ-1)

P1( 11+12) = E(JJ)
130 CONTINUE

110 135 1=1,24
135 P1(I) = P1(I) -UC1(I)+UT1(I)

DO 136 I=1,3
Pl1+24)= (F1(1)+P1(I+3)+P1(I+4)+F'1(I+9))/4.00

136 PI(1+27) = (P1(I+12)+P1(I+1l5)+P1(I1f18)+P1(I+21-))/4.,00
[DO 140 1=1,6
EPS1(I) = 0.00
DO 140 J=1v30

140 EPSiCI) = EPS1( I)+D'S1( I, 4)*Pl( .3)

EPS1( 1+6 )=O.0O
DO 143 J=196
DO 143 L=176

143 EPS1( I+6)=EPS1( I+6)+1( 1,4)*C(.JL)*EPS1(%L)
11O 150 1=1,6

SIGI( I) = EPSD'N( 1,NYNS)
SIGC1+6)=EPSDN(I+6pt4yNS)
SIGVP( I)=0.0
DO0 150 J=176
SIG(I)= SIM1I) + CRZA(1,J)*EPS1(J)

DO 151 11vY6
SIGVF'( I )=SIQ1( 1+6)

151 CONTINUE
DO 141 J=1912

141 EPS1(J) = EPSI(J)*lOO.0
DO 230 I=1,6
DEPSP( I)=0.0

* 230 DEPS(I+6)=0.0
IF (IFGPL(NvNS)oEQ.0) GO TO 241
DO0 250 1=1,6
DO0 250 J=Iy6

250 llEPS'( 1+6 )=E:EPSP( 1+6 )+CEPSP( IYJ )*EPS1( J+6 )/1000
[D0 251 >1,Y6

251 DIEPSP( 1+6 )=DEPSF'l( +6 )+DEPSR( I ,NNS)
[(4v1 )=0,5*D( 4,1)
1( 4 ,3)= 0 *5*D( 4 93
D'( I1v6 )=2. 0*E( I1v6)
D(2v6)= 2.0*D(2,S)
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C(IY)4 2. 0*C( 1 4)
C( 2Y4) 2,0*C( 2P4
C(4v1)= 0.5*C(491)
C(492)= 0.5,*C( 4.2
DO 160 I=196
I'EPSP( I )=0.0
DO 160 J= 196

DO 160 L=1,6
160 DEPSP( I )=DEPSP( I )+C( J, I )*D( J ,L )*DEPSP( L+6)

WR ITE( 6 1400)X(DEPSP( I P I=19,12 )
1400 FORMIAT(" PLASTIC STr.AINS"/2.-Xp 12E10.4)

C 11O 233 I=196
* C EPSE'N( INNS)=DIEPSP( 1+6 )/DELTIM

C 233 CONTINUE
241 CONTINUE

DO 240 1=1912
SIGTOT( INNS)=SIQTOT( IpdJt4S)+SIG1( I)

240 EPSTOT( INNS)=EPSTOT( INjNS)+EPS1( I)
WRITE(6,1000) NY(SIGTOT(IPNYNS)PI=1,12')
WRITE( 6p111)

1111 FORMAT( " "i"SIGVP")
WRITE(6Y1000) NY(SIGVP(I)PI=1y6)
CALL YIELD( NPNSYMTYFE)
IF(IFCFL(NPNS)4.EQ*1) WRITE(6,1300)NPHS

1300 FORMAT( "Y"~nELEMENT" iI5y"OF SEGMENT"P1I5p"HAS YIELDED")
WRITE(6,1100) (EPSTOT(IPNPNS)gI=lv12)

120 CONTINUE

100 CONTINUEI REWIND 21
REWIND 25
REWIND 26

1000 FORMAT(" "v15vl2F9*0)I1100 FORMAT(" " r5XY12F9.5)
1200 FORMAT(" 1" Y "SEGMENT TYPE"y1I5q//v" "y'SEGMENT I4UMBER ="VI5)

RETURN
END
SUB~ROUTINE ASEMBL
COMMON/INCR/NOLINC PNOLY INERT YNUMMATYSIGTOT( 12 y 4 Y8)

1 PEPSTOT(12t 498)
COMMON/BOCON/NRDFNREQ( 18 )YURES( 18)
COMMON/CLBtSEG/FI(2"4,8),FE(24,)UC(48)St (2;4,24,8)
COMMON/NXDATA/NTPNTSNTOTSGTS1G(2.4t24pS)
COMiMON/NXSOLV./SrG( 36 24 ) jFTG( 134) FTT1 132%.1ON
COMMON/ANS2/FC( 24 ) f G( 24 Y 24 )9 GR1( 24, r24 )DUt*I( 24 Y 24)
ITOT= 24 + 12*(NTOTS-1)
DO 10 I=1,ITOT
FTG(I) = 0.00
DO 10 J 1,24

10 SKG(IPJ) =0.00

DO 100 M=1,NTOTS
C *******$**************.**4***t$
C COMBINE FIY FEY AND SK*UC INTO A TOTAL FORCE VECTOR FC

DO 55 I=1,24
FC(I) = 0,00
DO 55 J=1,24

55 FC(I) = FC(I) + SK(IPJPM)* UC(JIM)
DO 60 1=1,24
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C NOW FILL GLOBAL FORCE AND STIFFNESS hAlr.ICES
C Ilk~** * A. 414.,:** 1, 44; -,

DO 70 1=1,2l4
Il = I+(M-l)*12
FTG('Il) = FTG(I1) + F-C(I)

t DO 70 J=lr24
SK6( IIv J + I- I SK G I I j +-I1T + SI.bM) 3

70 CONTINUE
100 CONTINUE

IF (NOL,NE.1) GO TO 80
C READ THE TOTAL NUMBER OF RESTRAINED DEGREES OF FREEDOM

READ( 5,1200) NREIF
* WRITE( 6v1255) NRDF

c IMPOSE BOUNDARY CONDITIONS ON RESTRAINED D-O-F
DtO 150 NBC=1,NRDF

C READ THE EQUATION NUMBER AND THE IMPOSED EOUNDARY CONDITION
READ(S5,1250) NREQ( NBC )PURES( NBC)
IJRITE( 6,1260 )NREQ( NBC ),URES( NBC)

150 CONTINUE
80 CONTINUE

DO 160 NBC=1,NRDF
160 CALL XMODFY(URES(NBC)FNREQ(NBC))

1200 FORMAT(I5)
*1250 FORMAT(ISPF1O.0)

1255 FORMAT( 1HI 9"NUMBER OF RESTRAINED DEGREES OF FREEDOM ='" IlO/
1 " EQUATION NUMBER VALUE )

1260 FORMAT (" ",S5XrI5r5XvF1O.2)
CALL XSOLVE
WRITE(6,1050)
WRITE(6v1100)(FTG( I)pI=1,ITOT)

20 DlD 200 I=1,ITOT
20FTOT( I)=FTOT( I)+FTC( I)

bJRITE( 6i1051)
WRITE(6,1100)(FTOT( I )I=1pITOT)

1050 FORMAT(I"1v"INCREMENTAL DISPLACEMENTS AT CONNECTING NODES"/
I 18Xv2HURv,18X,2HUZ,18X,2HUT)

1100 FORM~AT("m "v3E20.7)
1051 FORMAT("nI" , "TOTAL DISPLACEMENTS AT C0ONNECTING NODES"/

1 18X,2HURp1BX,2HUZv16Xv2HUT)
RETURN

EMND
SUBROUTINE CIRCLE( ANG1,DELPHIRSTRTZSTRTPRCZCPIJ)
INTEGER CODE

COMMON/NPDATA/R(10 )PCODE(10 )PXR(10 ).Z 10 )PXZ(10 )p
1NPNUM( 4v S)iT(10 )rXT(10)
DIMENSION AR( 49 8)vAZ( 4t 8)
EQUIVALENCE (R(1)9AR),p(Z(1)vAZ)

C FIND INTERSECTION OF LINE ANDCRL NERADZ

ANG1=ANG1+DELPHI
RR=SQRT( (RSTRT-RC )**2+( ZSTRT-ZC )*$2)
ARC I J )=RC+RR*COS( ANG1)
AZ( IJ )=ZC+RR*SIN( AN(;i)
RETURN
END
SUBROUTINE DATA
INTEGER CODE

COMMON/INCR/NOLINCNOLINERTNUIMATSCTIOT( l2f 4,0)
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1 EPSTO'T( 1"y 498)
COMMON/NF'IDATr/R( 10 )tCODE( 10 v XR( 10 )PZ( 10 )YXZ( 10 )v

1 NPNUM( 49 B)PT(10 )PXT(l0
COMMOI/BAS I C/IACELZPANGVEL, ANGACCYTREF v VOL , NUrNPv, NUMELrN UMPC Y NU?iS

1NUMST
CoMMoN/ELrIATA/EETA( 10 )YEPR( 10 )FPR( 4 1)5P i( 4 t I X(8 P5)b
1iP(4 )PJP(4 )PIS(4 )YJS(4 )PALPHA( 10 )#I*T(%4 )YJT(4
2ST(4 )?,

COMMONNXATA/NTPNTSNTOTSCtTSlG( 24,24,8)
COMMON/MATP/RO(6)E(2,66),EE(16),AOFTS(6)

COMMON/SOLVE/X( 888 )PY( 888 )PTEM( 888)vNUMTCYMBAND
COMMON/TD/IMIN( 100 )PIMAX( 100 )YJMIN( 25 )PJMAX( 25)PMAXIP
1MAXJYNMTLPNBC
REAT( 15 )NUMTC 9NUi*1AT vNUMPC YNUMSCfTREF YINERT r

1 INCIFINCF
READ( 15 )NECNMTL
READ(15 )NUMELPNUMNP
READ( 15)( CODE( I )I=1wNUMNP)
READ( 15)( XR( I ), =1 NUMNP)
READ( 15)( XT( I )I=19NUMNP)
READ( 15)( XZ( I )I=1PNUMN')
READ(15) R( I )I=lYNUMNP)
REA'( 15)( Z( I )PI=1NUMNP)

REA'( 15)( BETA( I ),I=lvNUMEL)
READ( 15)(ALPHA( I )rI11NUMEL)
READ( 15)( TEM( I), 1=1 NUMEL)
DOC 200 I=19NUMMAT
REAti 15 )MTYPENTYRO( MTYPE)

DO 200 K=NTP12
DO 2100 L=196

200 E(t(,LPtTYPE)=E(NTPLYMTYPE)
RETURN
END
SUBROUTINE INTER
COMMON/ARG/RRRC 5 ) vZZZ( 5 ), RR( 4 ) PZZ( 4 )S( 15s 15 P P( 15 ),TT( 6)1

COMMON/PLAME/NPP
DIMENSION XM(7)PR(7)FZ(7)IXX(9)
DATA XX/3*.1259391805448,3*.1323941527884,.22'5,
1 #696140478028Y .410426192314/
R(7 )(RR( I )+RR( 2 )+RR<(3 ) )/3 ,0
Z ( 7 Z Z( 1 ) + ZZ( 2 ) +ZZ*-3) )/3.*0
DO 100 I=1,3
J=1+3
R( I)=XX( 8)*RR( I)+( 1,00-XX( 8) )*R( 7)
R( J)=XX( 9)*RR( I)+( 1 ,00-XX( 9 ))*R( 7)
Z( I )=XX( 8 )*ZZ( I )+( 1 .00-XX( 8 ) )*Z( 7 )

100 Z( J)=XX( 9)*ZZ( I)+( 1.00-XX( 9) )*Z( 7)
DO0 200 I=197

200 XM( I )=XX( I )*R( I)
DO0 300 1=1,10

300 XI(I)=0.00
AREA= # 50*( RR( 1 W* ZZ( 2 )-ZZ( 3 ))+RR( '2 ) ZZ( 3 )-ZZ(% 1) f RR( 3W )*ZZ1 1

-ZZ(2)))
IF(NPPoNE.0) GO TO 600
DO0 400 1=1,7
XI( 1 )=XI( 1 )+XM( I)
XI( 2 )=XI( 2 )+XM( I )/R( I)
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XI( 3, )=XI( 3 )XM I )(r( m4*
Xl( 4 )='I( 4 )+.XM( I -AI-( 1 )/R( 1
XI( 5 )=XI( )+'^N( I )*(I ), ( I I)*
XI( 6 )=Xl( 6)+XMI( I Z*( 1( )**2 )(R( 1 )*42)
XI( 7 )=XI( 7)'XM( I F*~
XI( 8)=XI( 8)+XM( I)Z( I
XI( 9 )=XI( 9 c M *(l(1)*

400 XI( 10 )=XI( 10 )+XM( I )*R( I )*Zl% I)
DO0 500 1=1,10

500 XI( I )=XI( I )*AREA
RET URN

600 XI( 1)=AREA
XI( 7)=R( 7)*AREA
XI( 8)=Z( 7)*AREA
RETURN
END
SUB~ROUTINE MESH
INTEGER CODE
DIMENSION AR( 49 8 )iAZA( 4,v 8)PNCODE( 4p 8)
COMMON/TD/ IMIN( 100 ) 9 IMAX( 100), JMIN( 25 v JIAX^($25 v MAXI v MAX.J v NsiTL fNBC
COMMON/NPDATA/R( 10 )tCOtE( 10 )YXR( 10 )PZ( 10 )YXZA( 10 p~

1NPNUM( 49 8)vT(10 )PXT(10)
COMMON/ELDATA/'ETA( 10 ),EPR( 10 ), PR( 4 Y SH(' 4 ), IX(SB ,)
1IP(4 )PJP(4 )PIS(4 )PJS(4 )PALPHA( 10 )PIT(4 )YJT( 4 )v
2ST(4)

EQUIVALENCE ( R( I) 9AR ) ,('A( 1) vAZ )p( I X( 191)PNCODE)

C MESH CONTROL INFORMATION

* READ (5,1000) MAXIYMAXJvNSECNBCPNMTL
URITE(692000) MAXIMAXJNSENBECP,NMTL

C*
*C INITIALIZE

ISEG=-l
PI=3.1415927
DO0 110 J=178
DO 100 1=1,4
NCODE( I 3)=0

AR( IYJ)=0.
AZ<(1 ,J )=O.
JMAX( I )=0

100 JMIU,,( T )=,MAXI
IMIN( J3 )=iMAXJ

*110 IMAX(J)=0
Cs * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *I

-' C LINE SEGMENT CARDS
c* ** ** ** ** * ** *** ** ** ** ** * *** * ** *** *55**

150 ISEG=ISEG+1
159 IF(ISEG.EQ.NSEG) GO TO 400

READ(5,1.001 ) IlJ1,R1,ZlI2,J2,R2,Z2.'.I3,J3pr3,Z3,IFTION
WRITE( 6Y2001 )Ilj1,RlZ,I2J2R2Z2,''-I3J3R3Z3IPTION
IPT.EON=IPTION+l
AR( 11,31)=R1
AZ(I11,31)=Z1
NCODE(I1PJI )=1
CALL MNIMX( 11,31)
GO TO (150,200,200,300,300,200,200), IPTION

C GENERATE STRAIGHT LINES ON EtJUNDARY
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2100 DlI= ABS(FLOAT(I2-Il))
[D.= AD~S( FLOAT( 2J)
AR( 12vJ2)=R2c
AZ41( 12 Y 2 )=Z'-
NCODE(2yJ2d)=l
CALL .MNIMXC 12vJ2)
ISTRT=I1
IST P =12
JSTRT=Jl
.3ST P =32
EIIFF=MAXl( [11,11)

ITER=EIFF-l*
IINC=o
J I NC=0

IF( J2.NEeJ1) JINC=( J2-Ji )/IABS( 32-31)
K APPA=l 1
IF(I12 NE. I1IAND* n.2NE. Jl.AN'. IPTION .NE.3) tAPPA=2
IF(KAPPA*E04 2) DIFF=2.**tIFF

k RINC=( R2-R1 )/DIFF
ZINC=( Z2-Z1 )/DIFF
WRITE(6v2002) DI DJPtIFFRINCYZINCP ITERY IINCPJINCvKAPPA

C CHECK FOR INPUT ERROR

C IF(KAPPA*NE*2*OR.DI*EQ*DJ) GO TO 210

WRITE(6Y2003)
GO TO 150

C
c INTERPOLATE

210 1=Il
.7 J=J 1
* WRITE(692004)

DO 230 M=1,ITER
IF(ITER.EQ.0,AND.IPTION,EO.2) GO TO 230
IF(ITER.EQ.,0,ANIIIPTIONEQ.8) GO TO 230
IF(ITER.EQ.0.ANDoIPTION.EQ*7) GO TO 230
IF(KAPPA.EQ*2) GO TO 220
I OLD= I
I=I+IINC
J3OLD =J

j J=J+JINC
ARC IYJ)=AR( IOLI',JOLD)+RINC
AZ(IPJ)=AZ(IOLE',3OLD.)+ZINC
WRITE(6Y2005) IYJYAR(IJ)tAZ(IPJ)4. CALL MNIMX(IYJ)
NCOEIE( 1,3)=l
CO TO 230

220 CONTINUE
IF(I1.CT.I2.ANE'.IPTION.EQ,7) CO TO 221
IF(Il.LT.I2-,AN1'.IPTION.EQ.*6) CO TO 221
IOLEI=I
I=I+IINC
ARC 1,3)=AR( IOLEJ )+RINC
AZ(I1,3)=AZ( IOLEI,3 )+ZINC
WRITE(6Y2005) IiJoAR(IvJ)pAZ(IvJ)
NCOEIE(I1,3)=1
CALL MNIMX(IPJ)
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JOUD'=4
4 =J +J4NC
AR( I PJ )=AR(I IJOLE')+INC
AZ( 1, )=AZ(1IJOLDt)+ZINC
NCOE'E(I19.1)1l
WRITE(6o2005) It.J19Ar((Ii,4) 9Az"'-(IYJ)
CALL MMNIMX(IYJ)
GO TO 230

221 JOLEI=J
J=J+VJINCIAR( It J)=AR( It JOLD )fR INC
AZ( 1,4)=AZ( IPJOLE' )+ZINC
NCOEIE( I9 J. )=l
WRITE(6v2005) Ip-JqAR(IvJ)wAZ(IvJ)
CALL MNIMX(IIJ)
IOLI'=I
I=I+IINC
AR I9J )=ARC IOLEJ )+RINC
AZ( 1,4 )=AZ( IOLD YJ )+Z INC
NCODE(IYJ)=l
WRITE(6i2005) IvJiAR(IvJ)9AZ(I,19J)
CALL MNIMXCIYJ)

230 CONTINUE
IF(KAPPA.EQ*.) GO TO 150
IF(I1.CT.12.AND.IPTION*EG,7) GO TO 231
IF(I1.LT.12.AND.IPTION.EQ.6) CO TO 231
I OLD= I
I=I+IINC
AR( IvJ)=AR( IOLE',J)+RINC
AZ( 1I ,J )=AZ( IOLt'r,4 )+ZINC
GO TO 232

231 CONTINUE
JOLI'=J
4=4+41 NC
ARC IYJ)=AR( IPJOLE')+RINC
AZ( i,J)=AZ( IY.JOLE')+ZINC

232 CONTINUE
NCOEIE( I1v )=1
WRITE(692005) IP4,AR(IvJ)PAZ(I9J)
CALL MNIMX(IPJ)
GO TO 150

C GENERATE CIRCULAR ARCS ON B.OUNDIARY

300 ARC 12rJ2)=R2
AZ(121J2)=Z2
NCODE(I2ov42) I
CALL MNIMX(I29,42-)
IF(IPTIONoEQ,5) GO TO 320

*C
*C FIND CENTER OF CIRCLE

c
AR( 13,J3)=R3
AZ( 13PJ3)=Z3
NCOIE( 13YJ3)1l
CALL MNIMX(13PJ3)
SLAC=( Z2-Z1 )/( R2-R1)
SLBF=-1./SLAC
SLCE=( Z3-Z2 )/( R3-R2)
SLDF=-1 */SLCE
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CHECK FOR INPU-IT ERROR

IF(ABS(Sl-AC-SLCE).CT..001) GO TO 310
WRITE(6Y2006) Rl1,Z1,R2C'Z2,R3,ZZjSLACSLCE
GO TO 150

310 R4 = R I+( R'2- -R 1)
Z4=Z1+( Z2--Z1 /2
R5=R2+( R3-R2 )/2.
75=Z2+( Z3-Z4-2 )/2.

* EBPF=Z4-SLE'F*R4
BF=FZ5-SLE'F*R5
RC=( EBF-BE'F )/'% SLDF-SLBF)
ZC=SLBF*RC+BBF
WRITE(6Y2007) RCZC
KAPPA=l
GO TO 330

320 KAPPA=2r_
RC=R3
ZC=Z113

330 ISTRT=l1
ISTP=12
JSTRT=J1
JSTP=J2
RSTRT=Rl
R STP =R2
ZSTRT=Z1
ZSTP=Z2-A

340 CALL ANGLEC RSTRTPZSTRTPRC97ZCYANQ1)
CALL ANGLE( RSTPPZSTP9,RCPZCPANG2)
IF( ANC2.LE.ANG1) ANG2=2*0*PI+ANC2

c
C FIND ANGULAR INCREMENT
c

D'I= AE4S( FLOAT( ISTP-ISTRT))
DJ= ABS( FLOAT( JSTP-JSTRT))
IINC=0
JINC=0
IF( ISTRT.NE.ISTP) I INC=( ISTP-ISTRT )/IABS( ISTF-ISTRT)
IF( JSTRT.NE.JSTP) JINC=( JSTP-JSTRT )/IABS( JSTP-JSTRT)
L AMIA= 1
IF(IINC*NE.0.ANEI.JINC*NEo0) LAMEIA=2
E'IFF=MAX1(DEIEtJ)
ITER=DIFF-1,
IF(LAMDA.EQo2d) EIFF=2.*EIIFF
IIELPHI=( ANG2-ANG1 )/EIIFF
WRITE( 6,2008) ANC1vANG2vDFFpt'ELPHI

C CHECK FOR INPUT ERROR
C

IF(LAMt'ANE.2,OR*DI.E.'.i) GO TO 350
WRITEC 6v2003)
GO TO 150

350 IO=ISTRT
.1O=J STRT
WRITE( 6,2004)

C
C INTERPOLATE
C

NP=IAS 21 +IAS 1 J1-



35i9 IF(LA ,;1A.EQi.2d) GO TO 360
I=Idi+INC
J=JO+JINC

CALL MIN I iX( 19 J
NCODE( If .3 )=I.
CALL CIRCLE( AN EPIvRSIT'"T C ~ZC-1J )j'

GO TO 370
360 I=IO+IINC

MCODE( I1Y )=I
CALL MNIMX(Iv3)
CALL CIC-(N'i~-PIRSRYSRt~Z"IJ
WRITE(6p2005) IYJYAR(IPJ3bAZ(IYJ)
.J=30+3 INC
NCOE'E(I1,3)=1
CALL MNIMX(IYJ)
CALL CIRCLE( ANG1,t'ELFHIrRSTRTvZST.RT9RCvZCA- L

370 10=1
380 .3O=J

IF(LAME'A*NE,2) GO TO 390
I=IO+IINC
NCODE(I1,3)=1
CALL MNIMX(IPJ)
CALL CIRCLE(ANG1,DELPHIRSTRTZSTRTiRCZCI,3)

1. WRITE(6,2005) 1,JPAR(IYJ)YAZ(IYJ)
390 IF(KAPPA.EQ.2) GO TO 150

ISTRT=I2
ISTF=I3
3 STRT =32
JSTP=J3"
RSTRT=R2
RSTP=R3
ZSTRT=Z2
ZSTP=Z3
K APP A= 2

399 GO TO 340
c** * ** * *** * * **** *** * ** ***** * * * * * ** **
C CALCULATE COORDINATES OF INTERIOR POINTS
C ***********

400 TF(MAX.J.L-E.2) CO TO 430
32= MAX 3-1
DO 420 N=19500
RESID=0.
DO 410 J=2,32
I1=IMIN(J3)+1

* 12=IMAX(J)-1
DO0 410 1=11,12
IF(NCODE(IpJ)#EQ.1) GO TO 410
E'R=( AR( I+1,3)+AR( I--1,3 )+AR( 1,3+1 )FAR( IYJA -))/4-AR( IPJ)
E'Z=( AZ81( +1,3)+AZ( 1-1,3)+AZ( 1,3+1 )+AZ( I Y-- ) )/4,,-AZ( IJ)

* ~RESID=RESID+.ABS( DR)+ABS(DlZ)
AR( I,3)=AR(I1,3)+1.8*E'R
AZ( I vJ)=A7( I vJ)+ I*8*DZ

410 CONTINUE
IF( N.EQ. 1) RES1=RESIll
IF(NEO.1.AND.RESID.E0.0,)GO TO 430

IF(RES1E'/RE!S1.LT*.1E-5) 
CO TO 430 34
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420 CONTINUE
430 WRITE(6,2009) N

WRITE( 15)NBC,MTL

CALL POINTS

1000 FORMAT (515)
1001 FORMAT (3(213,2F8.3),I5)
2000 FORMAT (30HI MESH GENERATION INFORMATION//

1 41H0 MAXIMUM VALUE OF I IN THE MESH--------I3/
2 41H0 MAXIMUM VALUE OF J IN THE MESH--------13/
3 41HO NUMBER OF LINE SEGMENT CARDS----------13/
4 41H0 NUMBER OF BOUNDARY CONDITION CARDS----I3/
5 41H0 NUMBER OF MATERIAL BLOCK CARDS ---- 13///)

2001 FORMAT (//88H INPUT I1 J1 Ri Zi 12 J2 R2 Z
12 13 J3 R3 Z3 IPTION/8X,3(214,2F8.4),I6)

2002 FORMAT (SH DI=F4,O,5H DJ=F4.0,7H DIFF=F4.0u7H RINC=FB.3,7H ZI
1NC=F8.3,7H ITER=I3,7H IINC=I3,7H JINC=I3,8H KAPPA=I1)

2003 FORMAT(1X,38H**BAD INPUT--THIS LINE IS NOT DIAGONAL)
2004 FORMAT (30H I J AR AZ)
2005 FORMAT (215,2F11.6)
2006 FORMAT (51H ** BAD INPUT - THESE POINTSDO NOT DEFINE A CIRCLE,/p

13X,6F12.4,10X,2E20s8)
2007 FORMAT(19H CENTER COORDINATE,(Fl1.6,1X,FI1.6,iX))
2008 FORMAT (7H ANG1=F9.6,7H ANG2=F9.6,7H DIFF=F3.0,9H DELPHI=F9.6)
2009 FORMAT (//30H COORDINATES CALCULATED AFTER I3pllH ITERATIONS)

RETURN
END

C
C
C SUBROUTINE MINV

C
C PURPOSE
C INVERT A MATRIX

C
C USAGE
C CALL MINV(ANDLM)
C

C DESCRIPTION OF PARAMETERS
C A - INPUT MATRIX, DESTROYED IN COMPUTATION AND REPLACED BY
C RESULTANT INVERSE.
C N - ORDER OF MATRIX A
C D - REZSULTANT DETERMINANT
C L - WORK VECTOR OF LENGTH N
C M - WORK VECTOR OF LENGTH N
C
C REMARKS
C MATRIX A MUST BE A GENERAL MATRIX
C
C SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
C NONE
C
C METHOD
C THE STANDARD GAUSS-JORDAN METHOD IS USED. THE DETERMINANT
C IS ALSO CALCULATED. A DETERMINANT OF ZERO INDICATES THAT
C T1HE MATRIX IS SINGULAR.
C

C
SUBROUTINE MINV(ANDLrM)



DIMENSION A(1),Ll(IhM(l)

C
C IF A DOUBLE PRECISION VERSION OF TII ROUTINE IS 1D2SIREDY THE
C C IN COLUMN 1 SHOULD BE REMOVED FROM THE 11103JLE ?PRECISION
C STATEMENT WHICH FOLLOWS.
C
C DOUBLE PRECISION AvD9BIGAqHOLD
C
C THE C MUST ALSO BE REMOVED FROM DOUBLE PRECISION STATE MENTS
C APPEARING IN OTHER ROUTINES USED IN CONJUNCTION rHTI
C ROUTINE.,
C
C' THE DOUBLE PRECISION VERSION OF THIS SUBROUTINE MUST ALSO
C CONTAIN DOUBLE PRECISION FORTRAN FUNCTIONS. ABS IN STATEMENT
C 10 MUST BE CHANGED TO DABS.
C
C #4 44 4 ~ 4 4 4 4 44444##4* *4* * * 44 to#44444444494444409 444# 4444444

C SEARCH FOR LARGEST ELEMENT
C

D=1.0
NK=-N
DO 80 K=19N
NK=NK+N
L K )=K
M( K )=K
KK=NK+K
E(IGA=A( KK)
DO0 20 J=KtN
IZ=N*( J-1)
DO 20 I=KPN
IJ=IZ+I

10 IF( ABS( BIGA )-ABS( AC 1.))) 15v20v20
15 I4IGA=A(IJ)

L(K )=I
M( K )=J

j20 CONTINUE
C INTERCHANGE ROWS

C J=L(K)

IF(J-K) 35Y35925
25 KI=K-N

DO 30 1=19N
KI=KI+N
HOLII=-A( KI)

* JI=KI-K+.J
A( KI )=A( JI)

30 A(JI) =HOLD
C
C INTERCHANGE COLUMNS

35 I=M(t(KA IF(I-K) 45945938
38 JP=N*(I-1)

DO 40 J=1,N
JK=NK+J
'jI=JP+J
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HOLD=-A( JK)
A( JK )=A( JI )

40 A(JI) =HOLD

C
C DIVIDE COLUMN BY MINUS PIVOT (VALUE OF PIVOT ELEMENT IS
C CONTAINED IN BIA)
C

45 IF(BIGA) 43,46,48
46 D=0.0

RETURN
48 DO 55 I=I,N

IF(I-K) 50,55,50
50 IK=NK+I

A( IK )=A( IK )/( -BIGA)
55 CONTINUE

C
C REDUCE MATRIX
C

DO 65 I=1,N

IK=NK+I
HOLD=A( IK)
IJ=I-N
DO 65 J=I,N
IJ=IJ N

IF(I-K) 60,65,60
60 IF(J-K) 62,65,62
62 KJ=IJ-I+K

A( IJ )=HOLD*A(KJ)+A( I.)
65 CONTINUE

C
KJ=K-N
DO 75 J=I,N
KJ=KJ+N
IF(J-K) 70,75,70

70 A(KJ)=A(KJ)/BICA
75 CONTINUE

C
C PRODUCT OF PIVOTS
C

D=D*BIGA

C REPLACE PIVOT BY RECIPROCAL
C

A( KK )=1.O/BIGA
80 CONTINUE

C
C FINAL ROW AND COLUMN INTERCHANGE
C

K=N
100 K=(K-1)

IF(K) 150,1509105
105 I=L(K)

IF(I-K) 120,120,108
108 JQ=N*(K-1)

JR=N*( I-1)
DO 110 J=IN
JK=JQ+J
HOLD=A( .JK)
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110 A~(JI ) =IIOL11
120 J=iR)

125 K :I - tI

J I = K I J

A( KI KJI

130 A( JI ) =IiOLD.
GO To 100

150 RETURN

SUBROUTINE MNIMM(IYJ )
CQIIMON/TDE/IMIN( 100 ) 9IMAXM 100 )JMiIN( 25 Y JMAX( 25 )v MAXI f MM 9 NMTL fNBC
IF( J.LT.JMIN'(I)) JMIN( I)=J
IF( J.GTtJMAX( I)) JMA'X( I)=J
IF( I.LT. IMIN( J)) fLMlN( J)=I

* IF(I.GT.IMAX(.J)) IMAX^(J)=I
RETURN
END
SUBROUTINE MODIFY( NEQYNYU)
COMMON/SOLVE/E4( 72 -)YvA( 72,36 )tNUMBLKv MrAND
DO 10 M=29MBANE'
K=N-M+ 1
IF(K.LE,0) GO TO 5

BK )=B( K )-A( Kf M )
A( KYM)=0#00

*5 N=N+M-1
IF(NEQ*LT*K) GO TO 10
E(K)=E(K)-A(NPM)*U
A(NYM)=0900

10 CONTINUE
A(Ny1)=1*00
B( N)=U
RETULR N

SUBROUTINE MPLOT
INTEGER CODE
COMMON/TDI/IMIN( 100 )v IMAM( 100) YJMil.4( 25 vThX 25 )PiAXI vMAXJ YWTLYNBc
COMMr"h1/NE'ffDTA/R( 10 bYCOE( 10 ,~10 )Z~ 10 y XZ 1~ c),

1NPNUM( 4, 8)tT(10 )PXT(10)
REAL X(100),Y(100)bTX(2dl),TY(2),TITLE(20),ZI'AX
REALD (5Y1000) TITLEvRMAX,ZMAX

C CALL CCP2SY (0.7#O,2v0#2fTITLEY0.0vG0)
C CALL CCPlPL (0.7p0s7p,-3)

TX(1)=0#00
TY(I1)=0.00
TX( 2)=RMAX/9#0
TYV 2 )=RMAX/9 +0
ZIAX=ZI'AX*TY( 2 )+2.0
IF (ZMAX,.LT,17.0) ZMAX=17.0.1 E*DO 100 .i=1vMAX.J
NSTART=IMIN( J)
NSTOP=!MAX( J)
N=0
110 101 I=NSTARTrNSTDf

* N=N+1 
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Y( N )=R( NP)
101 X( N)=-( NP
C CALL CCP6LN (XPYYNY1TXYTY)
100 CONTINUE

DO 102 I=1IAXIL
NSTAR.I=JMIN( I)
NSTDP=JIIAX( I)

w N=O
DO0 103 J:=NSTART, NS*T'F'
N =N+ 1
NP=NPNUM( IYJ)
Y( N )=R( NP)

* 103 X(N)=Z(N')
C CALL CCP6LN (XPYPNtltTXPTY)

102 CONTINUE
C CALL CCP1PL (ZMAX,-0.7y-3)
1000 FORMAT (20A4/2F10.0)

RETURN
E ND
SUBROUTINE NAXSTF(IIYJJPKK)
INTEGER CODE
COMMON/VISC/EFSDN( 12 ,10,p8),SIGVP( 6 )9 EPSR( 6,v10tS )PDELTIM
COMMON/PLAS/ALFA(6y 4j,8)vSIGYLEI(7p6v8)vIFGPL( 4,8)

COMMON/NXDATA/NTPPNTSYNTOTSICTS1G 24v24,8)
COMMON,/MATP/RO( 6) fE( 1'&' 916p6 ) PEE( 16 ) AOFTS( 6)
COMMON/BASIC/ACELZ PANVEL fANGACC TREF VOL NUMNPNUMELNUiPCtNUMSCY
1NUMST

COMMON/NPDATA/R( 10 )qCOIE( 10 )YXR( 10 )YZ( 10 )PXZ( 10 ')p
1NPNUM( 4, 8),T( 10 )PXT(10
COMMON/ELDATA/BETA(1O )PEFR(10 )YPR( 4 )YSH( 4 )PIX(8 P5)v

1IP( 4 )PJP( 4 ), IS( 4 )PJS( 4 )YALPHA( 10 )PIT( 4 )PJT( 4 )v
.2ST( 4)
COMMON/NXQUAD/AR 1
COMMON/NONAXI/S1( 30P30 )YP1( 30 )FTHETAE4SI 16Y30)
DIMENSION C1,8,(81)D(,8,261)B( 1 8,461)

1 B5( 618 )9,B6( 6,18 ),E'A( 6p18)iBIB( 6y1 ),B2A( 6t18),B28( 6,18
2 ),B3A(6,18),B3B(6,18),B4A(6il8 )iJB(6,18),B5A(6i18)v
3 E5E(6,1)B6A(618),B6B(6,18),TVP(18)

C ZERO MATRICES
DiO 10o T=IPis
DO 100 J=1918

100 C(IY.J)= 000
DIO 110 1=1,6
DO 110 J=1918
B1(IFJ) =0.0
B2(IvJ) =0.0
E43(IPJ) =0.0
144(IIJ) =0.0
B5(19J) =0.0

110 E6(IPJ) =0.0
RR(1) = RRR( II)
RR( 2) = RRR( JJ)
RR(3) = RRR(KK)
ZZ(1I) =ZZZ(II)
ZZ(2) = ZZZ( JJ )
ZZ(3) =ZZZ(KK)
COMM=RR( 2 )(ZZ( 3 )-ZZ( 1 ) +RR( 1 W* ZZ 2'. )-ZZ( 3 ) ).IRR(3 )*( -Z% 1)-ZZ( 2)
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C FILL C INVERSE
C(lp1)= ( RR(2)Z3) -RR( 3) ZZ2~ C OMMi
C(1,4)= ( RR( 3)*ZZ( I -RR( 1) ZZ( 3)/ C.OMM
C( ,7)= ( RR( I )*ZZ( 2 -RR( 2)* ZZ( 1)/ COMM
C( '21 C ZZ(2) - ZA7Z(3)) / COMM

4 C(2,#4)= ( ZZ( 3) - ZZ(1I) ) / COMM
C(297)= ( ZZ(1I) - .ZZ,2 ) ) / COMM
C(391)= ( RR(3) - RR(2)) / COMM
C(3%,4)= ( RR(1) - RR(3)) / COMM

*C(3v7)= ( R R ( 2 - RR(1)) / COMM

C45)= 0(1,4)
C(498)= 0(1,7)
C(5v2)= C(2s1I)
C(5v5)= C(2p4)
C(5p8W= C(2*7)
C(6,2)= C(3p1)
C(6y5)= C(3v4)
C(6y8)= C(3v7)
C(7y3)= 0(1,1)
C(7v6)= CC1v4)
C(7v9) 0( 107)
C(8,3)= C(2p1)
CC8,6)= C(2v4)
C(8,9)= C(2v7)
C(9,3)= C(3,1)
C(9w6)= 0(3,4)

CC 9,9) = C(3v7)
DO 120 I=10v18
DO 120 J= 1,9
11 = 1-9
JI=J+9
C( I,J) =(-1./THETA) * C(11'J)
C(IPJl)=( 1.,/THETA) * C(I1'J)

120 CONTINUE
C FILL El MATRICES
C El CONSTANT TERMS
C B12 THETA TERMS
C B13 hR TERMS
C B14 THETA/ R TERMS
C £15 Z/R TERMS

* C B16 THETA *Z/R TERMS
DO 130 J=1118
El(19J) = C(29J)

* El(2vJ) = C(6,J)
El(3vJ) =C(2pJ)+CC17PJ)
B( 49,J) = C(3vJ)+C(5tJ)
Bl(59J) = C(9,J) *C(14YJ)
B1(6pJ) =C( 111,j
El2(1,J) =C(11PJ)
El2(2vJ) =C(15vJ)
El2(3,J) =C(h1,.J)
El2(49J) =C(12PJ)+C(149J)
El2(59J) =C(18YJ)

El3(3vJ) C(1,J)+ C(16YJ)
B3( 5oJ) = C(13PJ)
E3(6vJ) = C(10,J) - C(7vJ)
E4C39J) = C(lOPJ)
B4( 6YJ ) = -C(16,.J)
E5(3pJ) = C( 30J +C 1SJ)

40



E'5(6vJ) =C( 12PJ)-C t

B6( 3 vJ) C( 12 vJ)
B6(6vJ) =-C(I8,J)

130 CONTINUE
t NOW CALCULATE BT * D * B

CALL INTER
*rHETA2 = (THETA F.*2)/2.0
THETA3 =(THETA **3)/3.0
DO 140 1=1,6
DO 140 .3=1,18
BIA(IYJ)Bl( IPJ )*XI( 1) +B3(IrJ)* XI(2) + Ec(ItJ)* XI( 4)) THETA +
1 (B2( IvJ )*XI(1I) +B4( I iJ)* X1( 2) + B6(IYJ)* XI( 4 ) THETA2
B2A(IvJ)=(Bl(IvJ)*XI(1) +B3(IYJ)* XI( 2) + B5(IPJ')* XI(4 ))3 THETA2

1 + (B2( IPJ)*XI( 1) +B4(IYJ)* XI(2) + B6(IiJ)* XI( 4))3 THETA3
B3A( I,J)= (1IJ )*XI( 2) )+B3(IPJ)* XI(.3) + B5(IiJ)* XI( 5) )* THETA
1 +(B2(IvJ)*XI(2) +B4(.IPJ)* XI(3) + B6(ItJ)* XI( 5))3 THETA2

B4A(I19J )=( B1(IvJ )*XI( 2) +B3(IYJ)* XI( 3) + B5(ItJ)* XI( 5) )* THETA2
1 +( B2( IYJ )*XI(2 ) +B4(IYJ)* XI(3) + B6(IJ)* XI(5))* THETA3
B5A(I,.J)=(B1(IvJ)*XI(4) +B3(IPJ)* XI(5 ) + B5(IvJ)* XI(6))* THETA
1 + (B2(IPJ)*XI(4) +B4(IPJ)* XI(5) + B6(IPJ)* XI(6))* THETA2
B6A(I 9J )=( B1(IYJ )*XI( 4) +B3(IvJ)* XI(5 ) + B5(IPJ)* XI( 6) THETA2
1 + (E'2(IPJ)*XI(4) +B4(IYJ)* XI( 5) + B6(IYJ)* XI(6))* THETA3

140 CONTINUE
DO 150 1=1,6
DO 150 K=1,18
BI1B(IPtO= 0.0
E(2B(IK)= 0#0
E3B(I1, K) 0.0
B4B( I,K, 0.0

B6B(IoK)= 0.0
145B(IYK)= 0.0
DO 150 .3=1,6
BIB(IPK) = Et1B(IPK) + CRZ(IPJ) * BlA( JYK)
B42B(I1,K ) = B2E4(IYK) + CRZCIPJ) * B2AA( J v K)
B3B(IYK) = B3c( I9,K ) + CRZ(IYJ) * B3A(JYK)
B4B(IPK) = B4B(IqK) + CRZ(IqJ) * B4A(JPK)
BSE((IPK) = BSB(IK) + CRZ(IvJ) * Ei5A(JPK)
B6B(IPK) = B6B(IYK) + CRZ(IYJ) * B6A(JPK)

150 CONTINUE
DO 160 1=1,18
DO0 160 K1,18B
B( IFK)=0.0

DO 160 .3=1,6
E(IYK) = B(IPK) + B1(JYI)* BIB(JK)+B2(JI)*E'2B(JPK)+B3(JYI)*
1 B3B(JPK)+B4(JPI)*B4B(JK)+B5(JPI)*B5B(JK)+B6(JI)*B6B(JK)

160 CONTINUE
250 CONTINUE

C EB(IqK) NOW CONTAINS THE STIFFNESS MATRIX FOR ONE TRIANGULAR ELEMENT
ARI = ARI + XI(1) *THETA

DO 235 K=1,6
DO0 235 I=1,3
P-S1(K,3*II-3+I) = IS1(KY3*II-3+I) +B1A(KuI)
ES1(KY3*JJ-3+1) = BS1(KP3*JJ-3+I) +B1A(KPI+3 )
BS1(KP3*KK-3+I) = BS1(KP3*KK--J+I) +BIA(KYI+6 )
BS1(tK,3*II+I+12)= ES(KP3*II+12+I)+B1A(KPI+9)
BS1( K9,3*.J.J+I+12 )= BS1( KP3*JJ+12+fI )+B1A( KYI+12)
BS1(tK,3*tK+I+12)= BS1(KY3*KK+12+I )+B1A( KvI+15)

235 CONTINUE
IIM =3* 11 -3
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JJM = 3* JJ -3
KXM =3:N K-3
DO 170 K=194
DO0 170 I=193

IF(K.E(4t1 *OR K NEO*2) ll=I
IF(I .EQ*3 *OR K,EO.4) IJ.-I +9

IF(K.EQ.3 *OR. KEU*4) K1=15
IF(K.EQ.1 .OR. K.EQ.3) K(2=0
IF(KEQ*2 *OR* KEQ,4) K(2=15

182 KK2=K1(N

S1J I+IKJ+JK)=S1=I++KvJ++K)+{I1J+M

SI(I11+I+KliKK2+J+K29) = S1(II1+I+K~IPK2+J-K2) +B( IlPJl+)
SI(II1+I+KliJJ2+J+(2) = S1(JJ1+I+t(1,112+J+K2) +B(I11+3,J1)
SI(JJ1+1+KltJJ2+J+K2) = S1(JJ1+I+KIPJJ2+J+K2) +B(I1+3vJ1+)
SI(JJI+I+K,tIt'2+J+K2) = Sl(J.Jl+IfKl v 112+J+K(2) +B(Il+3vJl+)
Sl(JK1+I+1(1vII2+J+K2) = Sl(KK1+I+K1fII2+J+K2) +B E(I+6J1)
S I( jJ I + I+K 19, KJ29+J+K2 ) = SI(JJ1+I+KlYJJ2+J+K2) + B(Il+6J+3)

S1(K1+I+KlYKK2+J+K2) = Sl(KK1+I+K1PKK2+J+(2) + E(Il+6vJl-I6)
170 CONTINUE

IF(IFGPL(NYNTP).EQ.0) GO TO 190
ID 174 I=1,18
TVP( I)=0O
[10 174 J=1t6

174 TVF'( I )=TVP( I )+B 1 A( .J I )*EF'SDN( J N YNTP)
1(=3*II-2
L= 3*.J.J-2
M=3*KK-2
DO 179 1=1,3

PI( K+J )=P1(Kt+J )-TVP( I)
P1( K+.J+15 )=P1( K+J1+15 )-TVP( 1+9)
P1< L+J )=P1( L+J )-TVP< 1+3)
PlC L+J+15 )=Pl( L+.J+15 )-TVP( 1+12)

1 1 PI( M+.J )=P1( M+J )-TVP( 1+6)
179 P1< (M+J+15 )=P1( M+J+15 )-TVP( 1+15)
190 CONTINUE

* RETURN
END

FUNCTION NOECEIJ)
COMtiON4/Tt/IiiIN( 100),ThAX( 100),JtIN(25)PJMAX(25)vMAXII1AXJN1TLNBC
NODE=0
DO 100 JJ1,pJ
NS*TART=IMIN( JJ)
NSTOF'=IMAX(JJ)
1'0 100 II=NSTARTYNSTOP
NOtE=NODE+1
IF(JJ.EQ.J,AND.lIIEQ4I) RETURN

100 CONTINUE
RETURN
END
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SUBROUTI(NE POINTS
INTEGER CODtE
COMM(N/EASIC/(iCELZ , ANGVEL PANGACC 9 TREF, VOL r 14UNNN'UMELVNUKPc h'UMSCY

INUMST
COMMO4/AT,'RO( 6r( 2'v16-16 ) vEE( 16 ) vAorTS 6
COMMON/N'ATA/vRl( 10 '?COI'lE( 10 )tXR(1.0 ), Z( 10 )PXZ( 10 )v

INF'NUM( 47 8)PT(1C) )PXT(10)
COMMON/ELDAT(. /BETA( 10 )PEP'R( 10 ),PF:(4 )vSH(4 ), IX( 8 15 )

2S1(4)
COMMON/SOLVE/X( 8889 ) Y( 888 )TEt1( 888 " tNJHTC v MBAND
COMMON/TD/ IMIN( 100 ) IMAX( 100 )Jt1IN( 25 ) PJAX(2"5 )MAXI fMAXJ rNMTL NB(C
C OtMON! PLANE /NPP
DIMENSION AR( 49 8)vAZ( 41 8)vMATRIL( 100'93 )PBLKANG( 100)iBLKALF(1I
100)
DIMENSION IBNG'(100 ),NBNG( 100)
EQUIVALENCE (R(1)yAR)p(Z(1)vAZ)

C ESTABLISH NODAL POINT INFORMATION
C* * ** * ** * * * * * * * * ** * *

NEL=0
NODSUM=0
DO 100 J=1,KAXJ
NSrART=IMIN( J)
NSTOP=IMAX(J.)
DO 100 1=NSTARTYNSTOP

100 NODSUM=NODSUM+l
NELSUM=0
JJMAX=MAXJ- 1
DO 110 JJ=lJJMAX
NSTOP=MINO( IMAX( JJ ),IMAX( JJ+ ) )-1
NSTART=MAXO( IMIN( JJ ),IMIN( JJ+1))
DO 110 II=NSTARTfNSTOP

110 NELSUM=NELSUM+1
NUMNP=NODSUK
NUMEL=NELSUM
WRITE( 15 )NUMELFNUMNP

DO 120 J=1,MAXJ
NSTART=IMIN( J)
NSTOP=IMAX( J)
DO 120 I=NSTARTYNSTOP
NPNUM( IJ )=NQDE( I J)

* NP=NPNUM(IPJ)
R( NP )=AR( I,.J )

120 Z( NP )=AZ(I19J )

C READ AND ASSIGN BOUNDARY CONDITIONS

C INITIALIZE

DO 130 I=liNUMNP
CODE( I)=0
IF(R(I),E.EO.AND,,NFPPEQ.0) CODE(I)=1.
XR(I)=0.
XZ( I)=Oo

10XT(I)=0.0
10T(I)=0.

IF(NE'C.EQ.0) GO TO 210
DO 200 IBCON=1,NBC
READ(5p1002) 11v,12PJ1,J2pICNPRCONiZCONPTCON
DO 200 I=11,12
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DO 200 .J=JlvJ2
NP=NPNUM( I ,.
COEE(NP)=ICN
XR( NP )=RCON
XT( NP )=TCON
XZ( NP )ZO

200 CONTINUE
210 MPRINT=0

WRITE( 15)(CO'E( I )sI=lvNUMNP)
WRITE( 15)( XR(1I)9 1=1 ,NUMNP)
WRITE( 15)( XT(I)PI=lwNUMNP)
WRITE(15)( XZ(I)2I1lPNUMNP)

DO 230 J=lYMAXJ
NSTART=IMIN(J)
NSTOP= I MAX( J)
DO 230 I=NSTARTYNSTOP
NP=NPNUM(1I9.)
IF(MPRINT.NE*0) GO TO 220
WRITE(6Y2000)
MPV(INT=59

220 MPRINT=MPRINT-1
230 WRITE( 6 v20011 , J jNP vCODE( NP)PR(NP )PZ(NP )iXR(NP ),vXZ(NP)PXT( NP)

*C ASSIGN MATERIALS IN BLOCKS

DO 300 M1=1,NUMEL
300 IX(M1,5)=0

DO 310 IMTL=lPNMTL
READ (5P1000) MTLP(MATRIL(IMTLIM)PIM=2,5)vBLKANG(IMTL)iBLKALF(IMT

IL ),IBNG( IMTL )YNBNQ( IMTL)
310 MATRIL( IMTLP1 )=MTL

c* * * * * * * * * * * * * * * ** * ** * * * * * * * * * * * * * * * *
*C ESTABLISH ELEMENT INFORMATION

.iiJMAX=MAXJ-1
N=O
MTL=1
KTL=l
DO 440 JJ=lrJJMAX
NSTOP=MINO( IMAX( JJ ),IMAX( JJ+ ) )-1
NSTART=MAXO( IMIN( JJ ), IIN( JJ+1))
DO 440 II=NSTARTPNSTOP
NEL=NEL+l
DO 400 IMTL=lPNMTL
IF(II.LT.MATRIL(IMTLP2)) GO TO 400
IF(II*GEoMATRIL(IMTLP3)) GO TO 400
IF(JJoLTMATRIL(IMTL,4)) GO TO 400
IFCJJ.GE.MATRIL(IMTLPS)) GO TO 400
KAT= IMTL
MAT=MATRIL( IMTLP1)

400 CONTINUE
IF(KAT*EGKTL) GO TO 410
KTL=KAT
MTL=MAT
GO TO 420

410 IF(II.EGoNSTART) GO TO 420
IF(JJ.NE...1.iAXORIX 9NE.NSTOP) GO TO 440
M=NEL+l
I ANC=ICNC
NANG=NCNG 
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GO TO 421
420 1 -NPN.M( I I JJ

J=I+l
t(=NPNUM( II+1 9J.j+l)

M=NEL
IX( M 1)=I
IX( MP2)=J
IX(MY43 )=K
IX(t1,4)=L
IX(MP45 )=MTL
BETA( 11)=BLKANC( KTL)
ALPHA( 14)=BLKALF(KtTL)
IANG=ICNG

* NANC=NCNC
ICNC=IBNG( KTL)
NCNG=NBNQ( KTL)

421 NC=2
430 N=N+.

IF(M.LE.N) GO TO 440

IX( N,2)=IX( N-1,2 )+1

IX(N,4)=IX(N-l,4)+l
IX( N,5 )=IX( N-1,5)
BETA( N)=EIETA( N-i)
IF(IANG.EQ.I) GO TO 442
ALPHA( N)=ALPHA( N-i)
GO TO 443

442 CONTINUE
IF(NC.CT.NANG) GO TO 444
ALPHA( N)=ALPHA( N-i)
GO TO 443

444 NC=l
ALPHA( N)=-ALPHA( N-i)

443 CONTINUE
NC=NC+l
IF(M.GT.N) GO TO 430

440 CONTINUE

IF( NUMNP.G T.*2000) WRITE( 6P2002)

C SET NODAL POINT TEMPERATURE TO REFERENCE TEMPERATURE

IF(NUMTC.NE.0) RETURN
DO 500 N=IPNUMNP

500 T( N)=TREF
1000 FORMAT (515v2Fl0#0v2I5)
1002 FORMAT(4I5vIl0,3Fl0.0)
2000 FORMAT (128H1 I J NP TYPE R-ORDINATE Z-ORDINA

ITE R LOAD OR DISPLACEMENT Z LOAD OR DISPLACEMENT T LOAD OR DISP
2LACEMENT)

2001 FORMAT (215vI6vIl2pFl3*6pFl4.6pE26.7rE24.7vE24.7)
2002 FORMAT (35H BAD INPUT - TOO MANY NODAL POINTS)

RETURN
END
SUBROUTINE QUAD
INTEGER CODE
REAL NUSNi NUTNPNUTSP NUNS, NUNT#,NUST
DIMENSION DUMMY(6v6)vDUMMYl(6v6)
COMMON/PLAS/ALFA(69 49,8)PSIGYLE:(7t6v8)pIFGPL( 4r8)
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COMMON,"R ' /S I GV 18 ),EPS V 18) ,DEPCZF 12 )!. CTFJ:', 6
C0MlMrJ,'NXAhANTl'P NTS i NTOT S v T'_31si'p 2- r F24,8)

COMM N /BAS I C /ACELZ 9A NCVEL P A NG ACC, 9 TREF YVOL t 'l LiiiNl INJi iEL f ?U-'iP'C P NUN 3C',:
1 NUM ST

CO.4MON, NXQCLJAiD,/R
COMMON /NONX I/S 1( 30930 )YP1( 30 )PTHEfyvzi,?S16,"17,
C0MMrON/Mf~lF'/RO( 6 ) 9E( 12,' 16 96 ) tEE( 16 Ft (6)
COMMON/NPDATA/R( 10 )PCODIE( 10 ),Xlr( 10 )7Z 10 C. XZ( I(O),

INPNUM( 49 8)vT(.tO )pXT(I0
COMMON/EL-DATA/E'T(1 )PEPR( 10 )PR( 4 SH(l 9 1 IX . U 5v

2S1(4)
COMMON/AR/RR 5)ZZ( 5 RR( 4 )ZZ( 4 )S(15915 )1F( 15 )YTT(6 )v

IH( 6-Y15 )FCRZ( 696 )tXI( 10 )PANCLE( 4 )PSIG( 18 )PEPS( 18)yN
COMMON/INCR/NOLIt4CNOLINERTN4UMMATsSICTOT(. 12y 4,P8)

COMMON/RESULT/BS( 6w15 )PD( 6Y6 )C( 6P6 )ARqDE4(6Y9 )vCNS( 6F6
COMMO01/PLANE/N PF
COMMON/EaUM 1/S ITEM( 3P30 )PS1TC 24P24 )PTS( 6Y24)
DIMENSION S2T( 24,6)
DIMENSION BS1T(6t3) P1T(3) tP1TT(24)

Il=IX(Ni1)
Jl=IX( 14,2)
K1=IX(N143)
L1=IX(NP44)
MTYPE=IXC 145)
IX(N145 )=-IX(N145)

C INTERPOLATE MATERIAL PROPERTIES

DO 100 I=1,12
100 EE( 1)=E(1,I+lvMTYPE)

DO 110 I=196
DO 110 .1=1,6
CNS( I.J )=0.00
C( IrJ)=0.00

110 D(IPJ)=0.00

C FORM STRESS-STRAIN RELATIONSHIP IN N-S-T SYSTEM
C* * * * * * * * * * * * * * * * * * * * * * * * * * **S******

NUNS=EE( 4)
NUNT=EE( 5)
NUST=EE( 6)
NUSN=( EE 2 )*NUiNS) */EE( 1)
NUTN=( EE 3 )*NUNT )/EE( 1)
NUTS=( EE 3 )*NUST ) /EE( 2)
-DI V=1 *00-NUNS*NUSN-NUST *NUTS-4UNT *NUT N-NUSN*NUNT *NUTS
1-NUNS*NUTN*NUST

CNS( 1,1)=EE(1)*( 1.00-NUST*NUTS)/DIV
CNS(1,2 )=EE( 2)*( NUNS+NUNT*NUTS)/EIV
CNS( 1,3)=EE( 3)*( NUNT+NUNS*NUST )/DIV
CNS( 2v1 )=CNS( 1 2 )
CNS( 2,2 2)=EE( 2)*( 1.00-NUNT*NUTN )/DIV
CNS( 2,3)=EE( 3)*( NUST+NUSN*NUNT )/DIV
CNS( 3, 1 )=CNS( 1,v3 )
CNS(3v2)=CNS(2v3)
CNS( 3p3 )=EE( 3)*( 1.00-N4UNS*NUSN )/DIV
CNS( 494)=EE( 7)
CNS( 5,5)=EE( 8)
CNS( 6 P6 )=EE( 9)
DO 162 1=196
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162 CEPSP( I ,,J)=0,0
c IF ( IFC'L( NtNTF ).NE*.)CALL ELPLSSUITYPE)
C SET LiP STRAIN TRANSFORM TO N-S-T SYSTEM

SINA=SIN( ALPHA( N))
COSA=COl( ALPHA( N))
'S2=SINA**If2
C 2=CO SA* *2
SC=SINA*COSA
E(ll)=C2
DI( 1 ,3 )=S2
D(I 16 )=-SC
'( 291 )=S2
tt( 23 )=C2
D'( 2,6 )=SC
D(39,2)=1#00
D(4,1 )=2*00*SC
t( 4,3 )=-2#00*SC
E(49,6)=C2-S2
Dl(574)=SINA
D(5y5)=CQSA
D( 6,4)=COSA
'( 6,5 )=-SINA

C SET UP STRAIN TRANSFORMATION TO R-Z-T SYSTEM
SINB=SIN( BETA( N))
COSE4=COS( BETA( N))
S2=SINB**2
C2=COSB**2
SC=SINB*COSB
C( 1,1)=S2
C( 1,2)=C2
C( 1,4)=SC
C(2v1)=C2
C( 2,2)=S2
C 2,4 )=-SC
C 3v3 )=1 .00
C(4v1 )=-2#00*SC
C(4v2)=2#00*SC
C ( 4 94 ) =S2 -C2.,
C 5,5 )=SINB

C(56)=COSB

CC 6,6 )SINB
IF (IFcGPL(NtNTP).NE.0)CALL ELPLSS(MTYPE)

C CALCULATE CRZ MATRIX
11O 120 1=1,6
DO0 120 J=1,6
D'UMMY IJ )=0.00
DtO 120 K=1P6

120 ttUMMY(IJ)=DUMMY(IJ)+D(IK)*C(KJ)
DO 130 I=196
DO 130 J=1,6
EIUMMYiCIJ )-0.00
DO0 130 K=1,6

130 DIUIMY(IJ)=IUMMY1( IYJ)+CNS(IPK)*DUMMY(KJ)
DiO 140 1=1,6
DO0 140 J=196
DUMMY IrJ )=0000
['0 140 l(=1,6

140 DIUMMY( 19 J )=DUMIMY( I vJ )+ri( K(,I )*DUMMY 1( K vJ)
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LIU 160 I=1,6
DO 150 J=lv6
CRZ(I,J')=0*0Q
DO 150 K=1,6

150 CRZ( 1 , J )=CRZ( I J )+C( K P I )*!UihY( K( ,J
* TT(I)=0*00

DO 160 M=196
P(M)=0.00

DO0 161 11=193
IF(AOFTS(MTYPE).EQ.1.) P(M)=:CNS3(MvlII)*EE(I19)

161 P(M)=P(M)+(T(N)-TREF )*CNS(MPII )*EE(I1119)
DO 160 K=1,6

160 TT( I )=TT( I )+C( K ,I )*1I( M vK )*P( M)
C
C FORM QUADRILATERAL STIFFNESS MATRIX

RRR( 5)=( R( Il )+R( J1 )+R( K1 )+R( L1 ))/4.
ZZZ( 5 )=( Z( 11 )+Z( Ji1 )+Z&( Ki1 ) +Z( Li1 ) )/4.
DO 200 M=1,4
MM=IX( HM)
IFCNPP.NE.0) GO TO 190
IF( R( M),EQ*0* oAND.,CODE( MM)oE.0* )CDE(.NN)=l*

190 RRR(M)=RCMM)
200 ZZZ(MK)=Z( K?)

DO 220 11=1,15
Pl II )=0.0
P1(11+15) =0.0
P( II )=0.0
DO 220 JJ=1,15

220 S(IIJJ)=0*00
VOL=0.
DO 90 I=116
DO 90 J=1?15
BS1( IFJ)=0.0
BS1(IVJ+15) = 0.0

90 ES(IFJ)=0.,00
AR=0*00

240 CALL TRISTF(4y1,5)
CALL TRISTF(1v2p5)
CALL TRISTF(2vc395)
CALL TRISTF(3v4p5)

DO 91 1=1,15

930DO 30Il3

DO 300 J=1930
30 Si IPJ )=0.0

AR1 =0.0
CALL NAXSTF(491,5)
CALL NAXSTF(1,2p5)
CALL tAXSTF(2p3,5)

k CALL NAXSTF(3v4v5)
DO 310 I=196
DO 310 .3=1,30

310 BS1(IJ)= BS1(IYJ)/AR1
DO 320 1=1,6
DO 320 J=1,3

320 BS1T(IPJ) = BS1(1 9J+12)
DO 325 I=196
DO 325 J=1P12

325 BS1(ItJ+12) = BSI(IPJ+15)
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DO 330 I=176
Do 330 J=1,3

~330 BtSl(ItJ+24) = BSlT(IYJ)
DO 340 I=1,3

~340 PIT (I) = P1(I+12)
DO 341 1=1Y12

341 P1(1+12) = P1(I+15)
DO 342 I=193

342 P1(1+24) = P1T(I)
DO 149 1=1,3
DO 149 J=lv30

149 SITEM(IJ) = SI(I+129-J)
DO 151 1=1,12
DO 151 J=1,30

151 SiC I+12tJ) = SIC I+159J)
DO 152 1=1,3
DO 152 J=1,30

152 SiC I+24PJ) = SlTEM(IJ)
DO 153 7=103
DO 153 J=lv30

153 S1TEM(IPJ) = S1(JPI+12)
DO 154 J=1#12
DO 154 1=1,30

154 S1(IPJ+12) = Sl(IiJ+15)
DO 155 1=1,3
DO 155 J=1,30

155 SiC JrI+24) = S1TEMCIYJ)
DO 251 I=196
DO 251 J=1,24

251 TSCIvJ) = 0*0
DO 252 1=1,3
DO 252 J=1,4
TS(IPI+(J-1)*3) = 0.250

252 TS(I+3,I+12+(J-1)*3) = 0.250
DO 253 1=1,24
DO 253 J=1,24
S1T(IvJ) = 0,00
DO 253 K=1,6

253 S1T(ItJ) = SlT(IYJ) + S1(IP24+K)*TS(KPJ)
DO 254 1=1,24
DO 254 J=1,24

254 SiC IJ) = S1(IvJ) + S1T(11 J) + S1T(JPI)
DO 255 1=1924
DO 255 J=1#6
S2T(IJ) = 0.0
DO 255 K=1#6

265 S2T(IPJ) = S2T(IPJ) +TSCKPI)*S1(K+2;4pJ+24)

DO 256 1=1Y24
DO 256 J=1,24
S1T(IvJ) = 0.0

256, S1T(IPJ) = S1TCIvJ) + S2T(IPK)*TS(KPJ)
DO 257 1=1,24
DO 257 J =1,24

257 S1(ItJ) =S1CIPJ)+S1T(IPJ)
DO 258 1=1,24

DO 258 K=1,6
258 P1TT( I)=P1TT( I)+TSC KI )*P1( K+24)

DO 259 1=1,24
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259 PlC I )=PlC I )I-PlTT( I)
RETURN
END
SUBROUTINE SOLV
COMMON/ELI3ATA/BETA( 10 )YEF'R( 10 PR'F( 4 )ySlU( 4. AX 8r di)7

llP( 4 )P.JP( 4 )YIS( 4 )YJS(4 Y A LFPH i% 10 )vIrC 4 )PJT(4 vi
2ST( 4

COMMON/BAS IC/ACELZ YANGVEL YANGACC Y T REF ~L Y NUN fU~L NU,'IPC 9 IUM C Y
INUMST
COMMON/NONAX I/Si 1 30 Y30 )9Pl1C 3 0 ) YTHE TA f1*S I( 6 30)
COMMON/NXDATA/NT't N TSY N TOTS 9 CTS1 G( 24 t 2-F,8)
COMMON/SOLVE/B( 72 )YAC 7.2,36 )YvNUMBPLK A .'D

MM= MBAND
NN=36
NL=NN+l
NH=NN+NN
REWIND 1
REWIND2
NB=0
GO TO 150

C REDUCE EQUATIONS BY BLOCKS

C*

C 1. SHIFT BLOCK OF EQUATIONS
C

100 NE4=NB+l
DO 125 N=17NN
NM=NN+N
B( N)=B3(NM)
BC NM )=0*00
DO 125 M=1,MM
AC NsM)=AC NM,M)

*125 A(NMPM)=0#00

C

IF(NUMBLKEQ.NB) GO TO 200
10REAE'C2) (B(N)PCACNPM)YM=lYMMi)PN=NLFNH)

IF(NB.EQO0) GO TO 100

C

200 DO 300 N=1,NN
IF(ACNvl).EQ*0.00) GO TO 300
B( N )=B( N )/A( NY1I
DO 275 L=2vMM
IF(ACNPL)*EQ.0.00) GO TO 275
C=A( NPL)/A(Npl)

* I=N+L-1
J=O
DlO 250 K=LPMM

250 A(I,J)ACIPJ)-C*ACNYK)
*B( I)=BC I)-A( NrL)*B N)

275A(NvL)=C
25CONTINUE

300 CONTINUE
C
C 4, WRITE BLOCK OF REDUCED EQUATIONS ON FORTRAN UNIT 1

so



C
IF(NUMBIt.-KEQ*NB) GO TO 400
WRITE (1I) ( B( N )P(A(N PM )YM=L2MM )YN1 NN)
GO TO 100

C BACK-SUBSTITUTION
C* * * * *.* * * * * * * * * * * * * * * * * S*******
400 DO 450 M=1,NN

N=NN+1-M
DO 425 K=2,MM
L=N+K-1

425 B( N )=B( N )-A( Nvt( )*B( L)
NM=N+NN
B( NM )=B( N)

450 A(NM9,NB)=B(N)
NB=NB- 1
IF(NB.E040O) GO TO 500
BACKSPACE 1
READ (1) (B(N),(A(NM),M=2,MM),N=1vNN)
BACKSPACE 1
GO TO 400

CS****************S **** ***** * ***S
C ORDER FORMER UNKNOWNS IN B ARRAY

500 K=O
DO 600 NB=19NUMBLK
DO0 600 N1,vNN
NM=N+NN
K=K+1

600 B(K)=A(NMgPNB)
CS* *S***$*****S***S*S$**$ * **
C WRITE SOLUTION
Cs * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

NN12 = 3*NUMNP
1500 FORMAT(" "P5110)

WRITE(26) (B(IhPI=lvNN12)
WRITE(26)((IX(IJ),J=1,5hvI=1,NUMEL)

MPRINT=0
DO0 710 N=1,NUMNP
IF(MPRINT.NE.0) GO TO 700
WRITE (6P2000)
tIPRINT=59

700 MPRINT=MPRINT-1
710 WRITE (6,2001) NPB(3*N-2)PB(3*N-1)PB(3*N)
2000 FORMAT (13H-1 NODAL POINT,18X,2HURv18Xv2HUZpl8Xi2HUT)
2001 FORMAT (Il3y3E20*7)

RETURN
END
SUBROUTINE STIFF
INTEGER CODE

*COMMON/RESULT/BS( 6P 15 )PD(6,Y6 )PC( 696 )PARPBB( 699 )PCNSC6t6)
COMMON/ARG1/5IG1( 10 )EPS1( 18),DEPSP( 12)iCEPSP(696)

COMMON/EIASIC/ACELZ PANGVELPANGACCPTREF v OL PNUMNP PNUMELNUMPC NUSC 9i 1NUMST
COMMON/ELDATA/BETA(1O )PEPR(1O )PPR(4 )PSH(4 )t IX(8 05)1

1IP(4 )oJP(4 )9,IS(4 )PJSC4 )PALPHA( 10 )PIT( 4 )PJT( 4 )v~
2ST(4 )

COMMON/NPDATA/R(10 )PCOtiE(10 )vXR(10 )PZ(1O 4=XZ10 )v
1NPNUM( 49 8)PT(10 )PXT(10 )
COMMON/SOLVE/B( 72 )PA' 72v36 )PNUMBLKPMBAND



COMMON/NXDATA/NTPNTSNTOTSCTSlG(24p'4.8)
COMMON/ANS4/FT( 24t4 ),TS1U(24 )iCTSIUT( 2494)

COMMON/ARG/RRR(5 )iZZZ(5)PRR(4)PZZ(4 )PS( 15l5)pP( 15)PTT(*6 )1

COKMON/NONAXI/S1( 30*30 ),PP(30)PTHETAvBSl( 6#30)
COMMON/PLANE/NPP
COMMON/ANS2/GTP1( 24 )PC( 24t24 )oGTSI( 24t 24 )vGTSlGE( '24P24)
COMMON/E:UMl/S1TEM( 3,30 ),ST( 24,24 )TS( 6,24)
COMMON/RATE/DKPRPSIGPRBVREVRtPSRATE( 10v8)PNRATE
DIMENSION LM(4),S2(12,3),S3(3,12),S4(33),Sc5(l2,3),S6(12,12)

C$* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C INITIALIZATION

NRATE=1
REWIND 2
REWIND 3

NB=12
ND-3*NB
ND2=2*ND
STOP=0.
NUKDLK=0
DO 100 N=lPND2
DC 14)=O.00
DO 100 M1,YND

100 ACNPM)=0900
DO 50 1=1,24
FT(IPNTP) = 0.0
GTSIUT( IPNTP )=0.0
DO 50 .3=1,24

50 GTSIC(IPJPNTP) =0.0
Cs *$ * * * * * * * * * * * * * * * *$ * * * * * * * * * )* * * * * * *
C FORM STIFFNESS MATRIX IN BLOCKS

200 NUMBLK=NUMBLK+1
NH=ND*( NUMBLK+1)
NM=NH-NB
NL=NM-NB+l
KSHIFT=3*NL-3
DO 340 N=19NUMEL
IF(IX(Nr5)sLE.0) GO TO 340I DO 210 I=1v4
IF(IX(Nvl),LT*NL) GO TO 210
IFCIX(NPI)*LE.NM) CO TO 2204210 CONTINUE

* GO TO 340
220 CALL QUAD

IF(VOL.GT*0.) GO TO 230
WRITE(6u2000) N
STOP=1.

230 IF(IXCN,3).,EG.IX(N,4)) CO TO 300
DO 231 11=1,3
DO 231 JJ=1,3

231 S4( IIPJJ )=SC II+12PJJ+12)
CALL SYMINV(S4#3)
DO 232 11=1,12
DO 232 JJ-lv3

232 S2(IliJJ)=ScIIPJJ+12)
DO 233 11=1,3
DO 233 JJ-lP12

233 S3(IIJJ)=S(II+12J)
DO 240 1=1,12
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DtO 240 J~lt3

DO 240 K=1,3
240 S5(1,J) = S5(IvJ) + S2(IPK) *S4(KfJ)

DO 241 1=1,12
DOEt 241 J=1,12
S6( IpJ =0.00

*DO 241 K=l,3
241 S6(IPJ) = S6(IPJ) + S5(IvlK) * S3(t(,J)

DO 234 I1=1912
11O 234 JJ=1,3

234 P(Il)=P(II)-S5(IIPJJ)*P(JJ+12)
DO 235 II11,12
DO 235 JJ1lP12

235 S(IliJJ)=S(IIYJJ)-S6(IIPJJ)
DO 259 1=1924
DO 259 J=1i24

259 G(IvJ) = 0.0
DO 260 K=lv4
DO 260 I=1P3
G(K.*3-3+liI*4-3) =1#0
G(t(*3-3+1,I*4-2) = RRR(K)
G(K*3-3+IPI*4-1) = ZZZ(I()

260 G(K*3-3+liI*4 )= ZZZ(K) *RRR(K)
DO 262 1=1,12
DO 262 J1,P12

262 G(I+129J+12) = G(IJ)
NTP20 = 21
WRITE(NTP2O) (( CRZ(IqJ)tJ=1,6)sI=1,6)
WRITEC NTP2O )( (BS1( IJ )J=1,30 ),I=1,6)

WRITEC NTP20)((CEPSP( ItJ )J=196 ).I=196)
WRITE(NTP20)((CNS( IPJ)PJ=1P6)'I=1,6)

WRITE(NTP2OX((C( 1 1 J).J=1,d)ul~lu6)
DO 280 I19,24
GTP1( I)=0.0

DOC 280 K=1924
GTS1(IiK) =0.0
CTP1(I)= GTP1(I)+ GKI*lK

280O 280 J=lp24
20CTS1(IPK) = TS1(IPK) + C(JPI) $SI(JPK)

DO 281 1=1,24
FT(INTP) =FT(IvNTP) + GTPI(I)

DO 281 J=lv24
GTS1QE(IPJ) = 0.0

* DO 281 K=1P24
281 GTS1GE(IPJ) aGTS1GE(IvJ)+ CTSI(IYK) *G(KiJ)

11O 282 1=1924
DO 282 J=IP24

282 GTS1G(IPJPNTP) =CTS1C(IPJYNTP) + GTS1CE(IJ)
*C* ** * * ** ** * ** * * * *** *** * * *** * * ** ** * **

C ADD ELEMENT STIFFNESS MATRIX TO BODY STIFFNESS MATRIX

300 DO 310 1=1,4
310 Ll( I )z3*IX(NI )-3

DO 330 I=1,4
DO 330 K=193

4 II=LM( I)+K-KSHIFT
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KK =3*T-3+ K
B( II )=Pr( T I )+P( KK
DO 330 J1,P4
DO 330 L=1,3
JJ=LM( *J ){-I1-SIT
L L =3*4-3 +L
IF(.JJ.LE.0) G~O TO 330
IF(N[D.GE..JJ) GO TO 320
WRITE(6v'f20O1) N
STQP=l.
60 TO 340

*320 A( I I iJ-3)=A(I I JJ)+S((KK vLL)
330 CONTINUE
340 CONTINUE

c* * *** * ** * *** * * ** *** ** * 
C ADD CONCENTRATED' FORCES
C** * ** ** * * *** * * t ** *** ***

DlO 400 N=NLYNM
IF(NoGT.,NLJMNP) GO TO 500
K=3*N-KSHIFT
B( )O=B( K )+X7( N)
B( K-1 )=B( K-1 )+XZ41( N)

400 B( K-2 )=B( K-2 )+XR( N)
Cs************************ ** * * *
C ADD PRESSURE BOUNDARY CONDITIONS

500 IF(NUMPCEO.0) GO TO 600
DO0 540 L=lYNUMPC

C. I=IP( L)
J=JP( L)
PP=PR L )/6.
ER=(R(J )-R( I))*PP
11Z7=C Z( I )-Z( 4 ) )*PP
RX=2.#*R( I )+R( J4)
ZX=R( I)+2,.*R( 4)
I I=3*1-KSHIFT-i
JJ=3*4 -KS1-IIF T-1
IF(II.LE.0OR.II*GT.N') GO TO 520
SINA=sO
COSA=1.

510 BC Il-i )=B( 1-I )+RX*(COSA*t'Z+SINA*DR)
GR=RX*( COSA*t'Z+SINA*DR )*THETA/2.0
FT(19NTP) = FTC IPNTP)+GR
FT(d2PNTP) =FTC 2yNTF-) +R( I)*CR
FTC 3vNTP) = FT(C 3,NTP) +Z(I)*GR
FTC4vNTP) = FTC49NTP) + R(I)*Z(I)*GR
FTC 14YNTP)= FTC i4YNTP) +R(I)*GR
FT(13PNTP) =FTC i3PNTP) +GR
FTC 15YNTP) =FTC i5PNTP)+Z(I)*GR
FT(16PNTF) =FTC i69NTP) +Z(I)*R(I)*GR

B( II )=B( II )-RX*( SINA*t'Z-COSA*DR)
CZ=-RX*C SINA*t'Z-COSA*DR) *THETA/2.0
FT( 59NTP )=FT( 59NTP )+GZ
FTC 6oNTP )=FTC 6jtTP )+R I )*GZ
FT( 7pNTP )FT( 7,NTP )+ Z( I)*GZ
FTC 8,NTP )=FT( BNTP )+Z I )*R( I)*GZ
FTC 17PNTP )FT( 17PNTP )+CZ
FTC 189NTF')=FT( 18,NTP )+R( I )*Z
FTC 199NTP )=FTC 19PNTP )+Z( I)*CZ
FT(20,NTP)=FT(20,NTP)+Z I )*R( I)*CZ
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520 IF(JJ6LE,0 4 ,OR,JJ*GTND) GO TO 540
SINA=0.

5.30 f,( Jj-1 E( )+ZX*( COSA *DZ+S INA*'R)
(R= ZX *( COSA*tLZ_+S1NA*tZR) *THETA/92*0
FT( 1,NTF')=FTC 1 NTP~)+GR
FT( 2vNTP)=FT( 2,NTP )+R( J)*GR
FT( 3,NTP )=FTC 39NTP )+Z( J)*GR
FTC 4,NTP )=FT( 4,NTP )+Z( J)*R( J)*CR
FTC 13YNTP )=FT( 13oNTP )+GR
FTC 149NTP )=FT( 14PNTP )+R( J)*GR
FT( 15YNTP )=FTC 15, NTP )+Z( .1)*GR
FTC 16,NTP )=FT( 16,NTP )+Z( J)*R( J)*GR

BC JJ )=I( JJ)-ZX*( SINA*DZ-COSA*DR)
CZ= -ZX*(SINA*DZ-COSA*DR) *THETA/2.0

FT( 5vNTP )=FT( 5vNTP )+GZ
FT( 6vNTP )=FTC 6pNTP )+R( J)*GZ
FTC 7pNTP )=FTC 7,NTP) +ZC .3)*QZ
FT( 8 -PNTP )=FT( 8 9NTP )+Z( J )*R( J )*GZ
FT 17,NTP )=FTC 17,NTP )+GZ
FTC 18,NTP )=FTC 18,NTP )+RC .3)*GZ
FT( 19,NTP )=FTC 19, NTP )+Z(J3)*CZ
FTC 20,NTP )=FT( 20,NTP )+Z( .3)*R( .3)*GZ

540 CONTINUE
1100 FORMAT(" 3 1 ,12E10.3)

* ~C**
C ADD SHEAR BOUNDARY CONDITIONS
C** *** * **s*s** * * * * * *** * *** * * **** * ** * * **

600 IF(NUMSCEQO0) GO TO 701
* EDO 640 L1,YNUKSC

I=ISC L)
J=JS( L)
SS=SH( L)/6,
DZ=C Z( I)-Z(J ))*SS
tIR=C R( .)-R( I ))*SS
RX=2.*R I )+R(J)
ZX=R( I)+2.*R(J)
II=3*I-KSHIFT-1
JJ=3*J-KSHIFT- 1
IFCII.LE*0.ORII*GT*ND) GO TO 620
SINA=0.
COSA=1.

610 rf( 11-1)=B(IIl-I)+fRX*(SINA*DZ+COSA*DR)
GR= RX*(SINA*DZ+COSA*DR) *THETA/2*0
FT(I1,NTP )=FT(l1,NTP )+CR
FTC 2, NTP )=FT( 2 9NTP )+R( I )*GR

*1 FTC3vNTP) =FT(3vNTP)+Z(I)*GR
FT( 4 vNTP )=FT( 4 vNTP )+Z( I )*R( I )*GR
FTC 13,NTP )=FTC 13PNTP)+GR
FTC 14vNTP )=FT( 14PNTP )+R I )*GR
FTC 159NTP )=FT( 15PNTP )+Z( I)*GR
FTC 16,NTP )=FT( 16,NTP )+Z I )*R I )*GR

BC II )=B( II )-RX*( COSA*DZ-SINA*DR)
GZ= -RX*( COSA*DZ-SINA*DR) *THETA/2*O
FTC 5vNTP )=FT( 5vNTP )+GZ

FTC 6,NTP )=FTC 6vNTP )+RC I)*GZ
FT( 7,NTP )=FT(C7 vNTP )+Z( I )*GZ
FTC 8,NTP )=FTC 8,NTP )fZ I )*R( I)*GZ
FTC 17PNTP )=FT( 17PNTP )+CZ
FTC 18,NTP )=FT( 18fNTP )+R I )*GZ
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FTC 19PNTP )=FT( 19,NTP )+Z( I)*CZ
20FTC 20,NTF')=FT( 20,NTP )+Z'( I)*R( I)*CZ
60IFCJJ.LE.0.OR.JJ.GT*NEi) GO TO 640

SINA=0.
COSA=lo

630 BC JJ-l )=B( JJ-l )+Z' X*( SINA*DZ+COSA*DR)
GR= ZX*( SINA*E'Z+COSA*'R )*THEl'A/2.O
FTC 1 NTF )=FT(l1 NTP )+GR
FTC 29NTF )=FT( 29NTP )+R J )*GR

FT( 3pNTP )=FT( 3vNTF*)+Z( J)*GR
FT( 4,NTF )=FT( 4,NTP )+Z( J)*R( J)*GR
FTC 139NTP )=FT( 13PNTF )+GR
FTC 14 NTP )=FT( 14PNTrl )+R( J)*GR
FT( 159NTP )=FT( 15PNTP )+Z( J)*GR
FTC 16vNTP )=FTC 16,NTP )+Z( J)*R J )*GR
B( JJ )=[CJJ )-ZX*( COSA*DZ-SINA*DR)
GZ= -ZX*( COSA*DZ-SINA*IR )*THETA/2 .0
FTC 5yNTP )=FT( 59NTP )+GZ
FT( 6 9NTP )=FT( 6 9NTP )+R( J )*GZ
FT( 7 v NTP )=FT( 7 vNTP )+-a?- J )*CZ
FTC 8 rNTP )=FT( 8 YNTP )+Z( J )*R( J )*GZ
FT( 17PNTP)=FTC 17PNTP)+GZ
FTC 18PNTP )=FT( 189NTP )+R( J)*GZ
FTC 19PNTP )=FTC 19PNTP )+Z J )*GZ
FTC 20,NTP )=FT( 20,NTP )+Z( J)*RC J )*GZ

640 CONTINUE
701 IFCNUMST*EQ.0) GO TO 700

DIO 680 L=1,NUMST
I=IT(L)
J=JT(L)
RT=ST( L)/6,,
RX=2.*RCI)+R(J)
ZX=R I )+29*RC J)
XX=SQRT((CRC J )-R( I ))**2+C Z( J )-Z( 1 ) )*K2)
II=3*1-KSHIFT
JJ=3*J-I(SHIFT
IFCII.LE*0.OR.II*GT*ND) GO TO 670
BC II )=BC II )+RT*RX*XX
GT=RT*RX*XX*THETA/2*,0
FTC 9vNTP )=FT(9pNTP )+GT
FTC 10PNTP )=FT( liNTP )+R( I)*GT
FTC1IINTP)=FTC11PNTP)+ZCI)*GT
FT( 129,NTP )=FT( l2?NTP )+Z( I )*R( I ACGT
FTC 21, NTP )=FT( 21, NTP )+GT
FTC 22PNTP )=FTC 22PNTP )+RC I)*GT
FTC 23PNTP )=FTC 239NTP )+ZC I)*CT

4' ~FTC 24,NTP)=FT(24Pt4TP)+Z I )*R( I)*GT
670 IFCJJ.LE.0.OR.JJ.GT*NEI) GO TO 680

BC JJ )=BC JJ )+RT*ZX*XX
* GT=RT*ZX*XX*THETA/2 .0

FTC 9 vNTP )=FT( 9 vNTP ) +GT
FTC 10,NTP )=FTC 10,NTP )+R J )*GT

* FTC11,NTP)=FT(11PNTP)+ZCJ)*GT
FTC 12YNTP )=FTC 129NTP )+Z( J )*R( J )*CT
FTC 21 NTP )=FTC 21 ,NTP )+GT
FTC 22,NTP )=FT( 22, NTP )+RC J)*CT
FTC 23YNTP )=FTC 23PNTP )+ZC J)*GT
FTC 24 , NTP )=FTC 24 ,NTP )+ZC J )*R( J )*GT

680 CONTINUE
Cs.*-************** * **** * *****S
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C ADD DISPLACEMENT BOUNDARY CONDITIONS

700 DO 750 M=NLYNH
I DM=0
IF(M.CT.NUMNP) GO TO 750
IF(CODE[(i1).GT.3) GO To 751
U=XR( MI
N= 3*M -2- KSHIIIF T

752 IF(rlODE(M)) 740,750,710
710 IF(CODE(M).Eg.1) GO TO 720

IF (CODE(M)*EQ.2) GO TO 740
IF(CODE(ti),EQ,3) GO TO 730
GO TO 740

720 CALL MODIFY(NDt2pNrU)
CODE( M)=CODE( M)+IEIM
GO TO 750

730 CALL MODIFY(NtI2pNpU)
740 U=XZ(M)

N=N+l
CALL MODIF'Y(NtI29NPU)
CODE(MN)=CODE( M)+IDM
GO TO 750

751 IDM=IE'M+4
U=XT( H)
N=3*M-KSHIFT
CALL MODIFY( ND2pNpU)
UJ=XR( M )
N=3*M-2-KSHIFT
IF(CODE(M),EQ,4) GO TO 750
CODE(MN)=CODE(MN)-4
GO TO 752

750 CONTINUE
C* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C WRITE BLOCK OF EQUATIONS ON FORTRAN UNIT AND SHIFT UP LOWER BLOCK
Cs * * * * * * * * * * * * * * * * * * * * * * * * * t * * * * * * $ * *

WRITE (2) (B( N),( A( NP ),M=1MBANDt),N=lvNE')
DO 800 N=lvND
K=N+Ni
B( N )=B( K)
B( K)=0000
DO 800 M=1,ND

800 A(KPM)=0.00

C CHECK FOR LAST BLOCK
c* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

IF(NM.LTNUMNP) GO TO 200
IF(STOP*NE*0.) STOP

2000 FORMAT (27H NEGATIVE AREA ELEMENT NO.vI4)
2001 FORMAT ( 46H BAND WIDTH EXCEEDS ALLOWABLE FOR ELEMENT NO u14)

RETURN
END
SUBROUTINE STORE
INTEGER CODE
COMMON/ANS4/ FT(24,4)FGTS1U(24),CTS1UT(24v4)
COMM1ON/NXDATA/NTPNTSNTOTSPGTSlC( 24i24,8)
COMMON/NXMESH/THETANC8 )PNPC( 8,8)
COMMON/NPDATA/RC 10 )9CODE( 10 )PXR( 10 )PZ( 10 tXZC. 10 )p
1NPNUMi( 4, 8)PT(10 )vXT(10 )
COMMON/SOLVE/B( 72 )PA( 72p36 )PNUtBLKYMBAND
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El CMQ/SC/ACE LZ Y NGVEL At4Ge%"CC TREF , VC ,I?4Uit'lP Y Ni.LL t ,U"

C0MM0eN/ANS2/l.W. -4 P ,R 1 -4 ,24 ), 2 74 y 24 y4 24
DIIMENSION MIW 24)
Do 50 I~1,24
DO 50 J=1,2-4

50 R1(IPJ) M .
NS = NIP

NP1 = NPC(NSYKKI)

N P2(=N*PC N - v )+I .

RI(3*(KK-1)+I YI*4-1 ) = Z(,NPl)

R1(3*(KK-1 )+I vI*4 ) = R(NPI) *Z( NPI)

RI(3*(KK-1)+I+129I*4+9 ) = 1.0
R1(3*(tKK-1)+I+12PI*4+10) = R(NP2)
R1(3*(I(K-1)+I+12YI*4+11) =Z(NP2)
Rl(3*(t(K-1 )+1+1291*4+12) = R( NP2 )* Z( NP2)
UC(3*(Kl(-1)+IpNS) =B(3*NPl-3+fI)
UC( 3*( Nl-1 )+I+12YNS) = B( 3*NP2C--3+I)

110 CONTINUE
CALL MINV(R1'249D1,LWPMW)

WRITE( 25) ((R1( IqJ)vJ=1,24)PI11,24)
DO0 115 I=1,24
FE( IvNS)=O.0
FI( IYNS )=0.O

DO0 115 J=1,2l4
FE( I YNS ) = FE( I NS )+ Rl( Jv I )*FT( J YNTP)
FI(I -YNS ) = FI( I NS ) + R( J PI )*CTSIUT(.JNTP)
SKI(IoJ) = 0.00

DO 115 K(=lp24
SK1( IPJ) = SKI( IYJ) + R1(KPI) G TS1C( Kp.JNTP)

115 CONTINUE
DO 120 I=1,24
['0 120 J=1Iv24
SK(IFJVNS) =0.0
DO 120 K=1,2-4
SK(IPJYNS) =SK(I,.JPNS) + SK1(ItK) *R1(KPJ)

120 CONTINUE
RETURN
END
SUBROUTINE STRESS
INTEGER CODE
COMMON/VISC/EPSDN( 12,910,8 )PSIGVF( 6 ) P EF'SR( 6v 10, ),E:ELTIM

* ~COMM1ON/ANS4/FT( 2494 )PCTS1U( 24) ,GTSIUT( 24p4)
COMMON/BASIC/ACELZP ANVEL ANACCTREF VOLNUMNPNU~rELNMPC NU1SC,
INUMST
COMMON/MATP/RO( 6 )E( 12, 16t,6 ),EE( 16 )tAOFTS(6)
COMMON/NPPATA/R(10 )PCODE(10 )PXR(10 )PZ( 10 )PXZ(10 )v
1NPt4UM( 4v B)PT(10 )PXT(10 )
COMMON/ELOATA/BETA(IO )PEF'R(10 )YPR(4 )vSH-( 4 )v IX(3 , S)l

2ST(4)
COMMON/ARG/RRR( 5 )PZZZ( 5 )vRR( 4 )PZZ( 4 )PS( 15Y15 )YP( 15 )tTT( 6 )p

COMMON/NONAXI/S1( 30930 )YP1( 30 )YTHETAgEBS1( 6930)
COMMON/NXE'ATA/NTPNTSNiTOTSGTS1G( 24'24PS8)

58



COMMON/NXvMESH/THETAN( 8) NFC( 8 8)

COMMON/AG/SlGl( 18 )YEF'S1( 18 )YDEPSF( I2 )tCEPSF( 616)
CQMMON/SOLVE/B( 72 )PA( 72v36 )iNUMBLKpMB4NrD
COMMON/CONVRG/IDONE

C OMNITIAE/D\P P V V SAE ~8vR
c** *** ** *** * **A* *$$ ** *** $*

IMNIN1124

XRAE=0

DO 200 N=1,NUMELI
IX( NP5)=IABS( IX( NY5))
CALL QUAD
IITYPE=IABS( IX( NP5))
DO 100 I=194
I1=3*1
JJ=3*IX(NiI)
P1(11-2) =B(JJ-2)
P1(11-i) =B(JJ-1)
P1(11 ) =B(J )j
P1(11+10) =B(JJ-2)
P1(I1+11) = ECU-I)
P1(11+12) B (JJ)
PC 11-2 )B( JJ-2)
P( II-1 )=B(CJJ-1)

100 P(II) =B(JJ)

DO 115 I=1924
GTSIU(I)=090
DO 115 J=11 24

115 GTSIU(I) = GTS1U(I)+ CTSIIJ)*P1CJ)
* DO 116 1=1924

116 GTSlUT(IvNTP)=GCTSiUT(IpNTP) + GTSIU( I)
DO 110 1=1,3

110 Q( I)=P(I1+12 )
DO 120 1=193

* DO 120 J=1,3
120 TR( IPJ)=S( I+12,J+12)

CALL SYMINV(TR93)
DO 125 J=1,3
QQ J )=0.00
DO 125 K=1,12
OQ( J )=00( J )+S( J+12 K )*P( K)

125 CONTINUE
DO 130 1=1,3
Pl( 1+12 )=0,,00
DO 130 J=1,3

130 F'(1+12)=P(I+12 )+TR( I PJM (J )-ao(J)
500 CONTINUE
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RETURN
E ND
SUBROUTINE SYMINV(AYNMAX)
DIMENSION A(NMAXoNMAX)
DO 300 N=1,NMAX
D=A(MYN)
DO 100 J~lvNMAX

100 A(NPJ)=-A(NPJ)/D
DO 210 I=19NMAX
IF(N.EQ*I) GO TO 210
DO 200 J=1,NMAX

200 CONTINUE
210 A(IPN)=A(IPN)/D
300 ACNvN)1.00O/D

RETURN
END
SUBROUTINE TEMP( RvZvT)
COMMON/SOLVE/X( 88 ),Y( 888 ),TEM(888 ),NUMTCvMBAND
DIMENSION SMALL( 20 )PISM( 20)

C INITIALIZE

JMAX= 16
IF(NUMtTC.LT.,JIAX) JMAX=NUMTC
DO0 10 I=1PJtiAX
SMALL( I)=0.

10 ISM(I)=0
C** ** * *** * ** * ** ** ** * * * ** * * * ** * * **
C FIND THE JKAX CLOSEST POINTS
CS* $****S************S***S*****

DO 50 I=lvNUMTC
DSLI=( V? I )-R )**2+( Y( I )-Z )**2
IF(DSQ*GT**lE-4) GO TO 20
T=TEM( I)
RETURN

20 IF(I.EQ,1) SMALL(1)=DSO
IF( I.EQEI) ISM( 1)=l
IF(I*EQO1) GO TO 50
IF(SMALL(J).LE.DSQAND.,J.LT.JMAX) SMALL(J+1)=DSQ
IF(SIIALL(J).LE.,DSO.AND.J.LT.JIAX) ISM(J+1)=I
IF(SIIALL(J).LE.,DSO) GO TO 40
DO 30 K=loJ
JB=J-K +1

.4 IF(JB.EQ.0) GO TO 40
SMALL( JB+1 )=St1LL( JB)
ISI( JB+1 )=ISI( JB)
SHALL(JB)=DSQ
ISK( JD)=I
IFCJB*EQI1) GO TO 40
IF(SMALL(JB-1).LE.DSQ) GO TO 40

30 CONTINUE
40 IF(JoLT.JKAX) J=J+1
50 CONTINUE

C* ** ** ** ** ** ** ** ** * ** ** ** * * * *
c FID TE TIRDTEMPRATRE OIN BYAREA TEST

CS******************************** **
.iCHK=JMAX-2
J=O
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C MATRIX P NOW CONTAINS 15 DISPLACEMEN4TS FOR LUiADRILA{rERAL ELEtIENT

Cf CALCULATE AVERAGE STRAINS

.1 ['0 140 1=lt6
EF3( I )=0 .00
DO0 140 J=1915

140 EPS( I )=EPS( I )+tBS( I iJ )*P( J)
C
C CALCULATE AVERAGE STRESSES
C

DO0 151 1=1,6
SIG( I)=EPSDN( IPNNTP)
DlO 151 J=1?6

151 SIG(I)=SIG(I )+CRZ(IYJ )*EPS( J)

152 SIG( I )=SIG( I )-TT( I)
C
C CALCULATE STRAINS IN N-S-T COORDINATES

DO 150 1=16

EPS( I+6)=0.00
DO 150 J=1,6
DO 150 K=196

150 EFS(1+6 )=EPS( 1+6 )+D( IJ )*C( JK )*EPS( K)
C
C CALCULATE STR'ESSES IN N-S-T COORDIATES

DO 160 1=1,6
SIG( 1+6 )=EPSDN( I+6tNvt4TP)
DO 160 J=1,6

160 SIC( 1+6 )=SIG( 1+6 )+CNS(I1 J )*EPS( J+6)
DO 161 M=1P6
P(MN)=0000
DO 161 11=1,3
IF(AOFTS(MTYPE),E..o) PUI)=CNS(MPT')*EE(II+9)

161 PC N )=P(MIi)+( T( N )-TREF )*CNS( No II )*EE( 11+9)
12DO 162 I19,6
162SIG 1+6 )=SIG( 1+6 )-P( I)

C
C

D0 300 1=1,124300 P(=100ESI
IF(MPRINT.NE.0) GO TO 210
WRITEC 6P2000)
WRITEC 6,2002)

* ~MPRINT=19
210 JPRINT=MPRINT-1

WRITE(6,2003) T(N)v(EPS(I)rI=1'12)
200 CONTINUE
2000 FORMAT( 129H1 EL R Z SIGMAR SIGMAZ SIGMAC SIGMA

1RZ SIGMAZC SIGMACR SIGtIAN SIGMAS SIGMAT SIGMANS SIGtIAST
2 SIGtIATN)

2001 FORMAT(1HO,15,1X,2F7,4,12F9#0)
2002 FORMAT( 128H0 TEMPERATURE EPSR EPSZ EPSC EPSR

1Z EPSZC EPSCR EF'SN EPSS EPST EF'StS EPSS[
2 EPSTN)

2003 FORMAT(6XvF13*0v2Xv12F9*5)
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I 1=ISW' I
12= ISA: 2

60 13=IrSM(J +3)
AREA=.*5Q0:( Y( Ii *X 13 )-Y( 13 )*X( 11 ) [Y( 13 )*X( 12 )-Y( 12 )*Xv( 13 )+

1- (1)*X( 1)-V( T I)*X( 1-)
III=( ^( .12 )--X( I1 I )**2+( Y( 1d2 )-Y(% I I ) )*:*

C IF tel IS APPROXIMrATELY 0. IT IS AS~i'1-Ef THA'tT HERl-E EXIS*Ts A
C DeUPLICATION OF INPUT

IF(D1.QT**1E-3) GO TO 70
12=13

GO TO 60
70 IF( AREA**2,Q'.T 1D1*SMeALL( 1) GO TO 0

IF(J.LTJCHK) GO TO 60
WRITE(6Y2000) I1,12,1'P3pJ
T=TEM( II)
RETURN

C FIND TEMPERATURE INTERCEPT

80 EIETA=Y( Il * TEM( 13 )-TEM( 12) )+Y( 12 )*( TEM( II )-TEM( 13))
1 +Y( 13 W* TEM( 1 2)-TEM( I I)

IIEThI=X( Il )*( TEM( 12' )-TEM( 13) )+X( 12)(TEM( 13)-TEM( I ))
1 +X(13)*(TEM(Il)-TEM(I2))

EIETC=TEK( Il W* V( 12 )*Y( 13 )-X( 13 )*Y( 12) )+TEN( I2)*( X( 13 )*Y( Il )-X( Ii )
IY( 13 ) )+TEM( 13 )*( X( Il )*Y( 12)-X( 12)*Y( II))
T=( DETA*R+DETB*Z+E'ETC )i(2.*AREA)

2000 FORMAT ( 28H ERROR IN TEMPERATURE INPUTP5H I1=14p5H 12=I4y
15H 13=I494H J=14)
RETURN
END
SUBROUTINE TEM2( NUMNP)
INTEGER CODE
COMMON/NPIATA/R( 10 )PCODE( 10 )YXR( 10 ),(10 )PXZ( 10 )p
1NPNUM( 4, 8)PT(10 )PXT(I0
READ( 5Y1000) TCONST
D'O 100 N=19NUMNP

100 T( N)=TCONST
1000 FORMAT(F1O.O).

RETURN

SUBROUTINE TRISTF (IIiJJqKK)
INTEGER CODE
COMMON/VISC/EPSDN( 12Y 10,8 )PSIGVP( 6 )rEEP3R(6,10,8 )rDELTIM
COMMON/PLAS/ALFA(6p 4v 8 )SICYLE'(7p6y8 )vIFGPL( 4 p8)

4 COMMON/NXI'ATA/NTPNTSNTOTS.GTS1C( 24924,8)
COMMON/MATP/RO( 6) 9E( 12 v16 6 ) FEE( 16 )YAOFTS(6)
COMMON/BASIC/ACELZwANGVEL,9ANGACC,9TREF , VOLNUMNP YNUMEL vNUMPC 9 1UMSC,9
1NUMST
COMMON/ARG/RRR( 5) , ZZZ( 5)vRR( 4) ZZ(4 )S( 1515)vP( 15 ),tTT( 6) v

COMMON/NPDATA/R(10 )PCODE(10 )PXR(10 s, Z( 10 )PXZ(10 )p
1NPNUM( 4,- 8)PT(10 )PXT(10)
CONION/ELDATA/BETA(10 ),EPR(10 )YPR( 4 )PSH( 4 )IX( 8 ,5),
IIP(4 )PJP(4 )YIS(4 ),JS(4 )PALPHA(10 )rIT(4 )Y%'T( 4 )p
2ST(4)

COMKON/NONAXI/s1( 309, 30 )YPI( 30 )pTHETAfBrsIc(. 30 )
COMMON/RESULT/BS( 6915 )PD( 696)PC( 6f 6 )ARDB(6p9 )CNS( 6Y6
DIMENSION B1A( 6,9 ),E'B( 6,9 )B2A( 6,9 )B24 6.9 ).B3A( 6,9 )PE31( 6.9)
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DI MENSI ON B 1(36hy9 B(6,E9F(3( 6 19 FE(-6y9 (9 16 ",9 9
DIMENSION MC 6,),82R(36),1C3( 6,9 )F(9t)YTV9,6)(9
tTYPE=IABS( IX( NP5))
RR( 1)=RRR( II)
RR( 2)=RR:( JJ)
RR(.3 )=RRR( KK )
ZZ( 1 )=7ZZ( II )
ZZ( 2)=ZZZ( JJ)
ZZ 3 )=ZZZ(K~K)
CALL INTER
VOL=VOL+XI( 1)
COMM=RR( 2.7)*( ZZ( 3 )-ZZ( 1I )+RR( 1 A*( ZZ( 2 )-ZZ( 3) )+RR( 3 A*( ZZ( 1 )-ZZ( 2)

DO 10 1=1,6
EtO 10 J=179

B1( IYJ)=0*00
E2(IPJ)=0*00

10 B3(IsJ)=O.00
C FILL BI MATRIX-CONSTANT TERMS

ElIC 1)=C ZZ 2 )-ZZ( 3) )/COMM
Bi 1 v4 )=( ZZ( 3 )-ZZ( 1 ) )/COMM
MC 1q7 )=( ZZ( 1)-ZZC 2) )/COMM
BIC 3v,1 )=BM( I1v,1)
Bl( 3v4)=B1C 1,4)
BC 3p7 )=B1C 1,7)
BEI1( 2 v2 )=( RR( 3 )-RR( 2 ) )/COMM
Bl 2p5 )=C RR(l1)-RR( 3) )/COMM
B1(2v8)=(RR(2)-RR(l1))/COMM
Bl(4p1)=B(2v2)
BC 4,4 )=B1C 2,5)
MC 4,7 )=B1( 2,8)

BC 4,5 )=BIC 1,4)
B1(4v8)=BI1 17)
B1CS5,3 )=E'C4v1 )
MC 5v6 )=El41C44)
MC 5,9 )=B1C 4,7)

C FILL B2 tATRIX-1/R TERMS
B2( 3P1 )=( 1/COMM )W( ZZC 3 )-ZZ( 2) )*RR( 2 )+( RR( 2)-RR 3) )*ZZ( 2))
B2( 3v4)=( 1/COMM )*( ( ZZC 1 )-ZZ( 3) ))*RR( 3)-C RR( 1 )-RR( 3 ) )*ZZC 3))
B42( 3,7 )=( 1/COMMW )( CZZC 2 )-ZZ( 1 ) )*RR( 1 )+( RR( 1 )-RR( 2) )*ZZC 1)
B2(6v3)-B2(3p1)
B2( 6,6)=-B2 3Y4 )
B2( 6,9)=-112( 3,7)

C FILL B3 MATRIX-Z/R TERMS
B3( 3,1)=( RR( 3)-RR( 2) )/COMM
EI3C3v4 )=C RR(l1)-RR( 3) )/COMM
EI3C3,7 )=( RR 2 )-RR 1) )/COMM
B3C6v3)=(RR(2)-RR(3))/COMM

* 8~3( 6v6)=C RR( 3)-RR(l1) )/COMM
B3C 6,9)=( RR(l1)-RRC 2) )/COMM
AR=AR+XI( 1)
DO 80 1=1,6*1 DO 80 .3=1,9

80 BB(19J )=BlCIPJ )*XI( 1)+B2( PJ )*XI(2)+3C1,J)*XI(4)
DO 81 K=1,6
DO 81 1=193
BSC K,3*,JJ-3+I )=BBC KF +3 )+PS( K3*.3J-3+I)
EtS( K,3*II-3+1 )=BB( KI)+BS( K, 3II-3+I)

81 BSCK,3*KK-3+I )=BB(KI+6)+BSCK,3*KK(-3 I)
DO 220 I=1,6
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v.u 22 J=199
BIA( I 1 1 );:D!( 1I 4. V*I 1 )fB2( 1I J. *~ 2 1I~ v ,J '-*XI1( 4)
B 2A( I YJ )=,ril( I YJ )*XIV 2 )+r(2( 1IJ )?P'X1% 3 )tE{3( It J )X1( 5)

20BWA I PJ )=B1V I vJ )*XI% ( 4 )+DA"( I PJ )*XI( 5 )+B3( I, YJ )*XI(6)
22 CONTINUE

DO0 200 I=196
DO 200 IK=lv9
BB( I ,I()=0.0
B24( IPK)=040
B3B( IiK)=0.0
DO 200 J3=196

B2B( I PK )=B2B( 1IdK )-fCRZ7( I vJ )*B2A( J 9K )
B3B(IPK)=B3B(IK)+CRZ(IJ)*3A(J1()

200 CONTINUE
DO 230 1=199
DO 230 K=1,9
B( IYK)=0.0
DO 230 J3=196

230 CONTINUE
C ASSEMBLE OUADRILATERAL STIFFNESS MATRIX, Sy FROM TR1At-iULAR
C STIFFNESS MATRIX, B,

IIM=3*I 1-3
JJM=3*JJ -3
KKM=3*KK-3
DO 120 I=193
DO 120 J=lv3
S(IIM+IPIIM+J)=B(I ,J )+S(IIM+IPIIM+J)
SC IIM+IFpJJtj+J)=B( I ,J+3)+S( IIM+IIJJM+J)
SC IIM+Io,KKM+J)=B(I PJ+6)+S( IIM+IPKKM+J)
S(JJM+IYIIM+J)=B( I+3pJ )+S( JJM+ I vIIM+J)
SC JJK+IJJM+J )=B( I+3,J+3 )+S( JJM+IJJM+J)
SC JJM+I ,KKM+J )=B( I+3,i+6 )+S( JJMtI ,KNX+J)
SC KKM+IPIIM+J )=B( I+6yJ )+S( KKM+IFIIM+J)
Sc KKM+IJJM+J )=BC I+6,J+3 )+S( KKM+IPJJtl+J)
SC KIKM+IKKM+J )=B( I+6,J+6 )+S( KKM+IKKM+J)

120 CONTINUE
C ASSEMBLE BODY FORCES MATRIX

BF( 1 )=( ZZ( 3 )*RR( 2 )-RR( 3 )*ZZ( 2 ) )/COMM
BF( 2 )=( ZZ( 1 )*RR( 3 )-RR( 1 )*ZZ( 3 ) )/COMM
BF( 3 )=( ZZ( 2 )*RR( I )-RR( 2 )*ZZ( I ) )/COMM
BFR( 1 =(ZZ( 2)-ZZ( 3 )VCOMM

4 BFR( 2" W= ZZ( 3 )-ZZ( I ) )/COMM
BFR( 3)=( ZZ( 1)-ZZC 2 ))/COMM
BFZ( 1)=( RR( 3)-RR( 2) )/COMMI ~BFZ( 2)=( RR(l1)-RR( 3) )/COMM
BFZ( 3)=( RR( 2)-RR( 1) )/COMM

C BODY FORCE IN Z-DIRECTION
COMM=-ACELZ*RO( MTYPE)
DO 140 1=193
II K3*I-1

140 TP( IIK )=COMM*( BF( I )*XI( I )+BFR( I )*XI( 7 )fBFZ( I )*XI( 8))
C BODY FORCE IN R-DIRECTION

COMM=ANGVEL**2*RO( MTYPE)
DO 150 1=1,3
L=3*I-2

150 TP( L )=COMM*( BF( I )*XI( 7 )+BFR( I )*XI( 9 )+BFZ( I )*XI( 10)
C BODY FORCES IN TANG* DIRECTION

COMM=-ANCACC*RO( MTYPE)
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Pt -LID 160 2
160 TP( IIM )=COMM*( BF( I )*XI( 7 )+DJFR( I )*XI(?9)+BFZ/( I )) XI( 10)

Atl THERMAL EFFECTS
['0 161 J=199
Dto 161 K=9

161 TF'( J )=TF'( J )+( XI( I )*B1( KPJ )+XI( 2 )*0'2( KYJ
1+XI( 4 )*B3( KYJ ) )*TT( K)

C REARRANGE TP INTO P-MATRIXYTHE BODY FORCES MATRIX
K=3*I 1-2
L =3*J J-2
M=3*KK-2
DtO 170 1=1Y3

PI( K+J ) PlC K+J )+TP( I )*THETA/2.O +TP( I+6)*THETA/4,0
P1(K+J+15) = Pl(K+J+15)+TP( I )*THETA/2.0O+TP( 1 +6 )*THETA/4 00
P1(L+J ) =P1(L+J )+TP(I+3)*THETA/2.0+TP(I+6)*THFTA/44 0O
P1(L+J+15) =P1(L+J+15)+TP( I+3)*THETA/2.0+TP( 1+6)*THETA/4.0
P1(m+j ) =P1(M+J )+TP(I+6)*THETA/2.0
P1(M+J+15) =Pl(M+.J+15)+TP(I+6)*THETA/2.0
P( K+J )=P( K+J )+TP( I )
PC L+J )=P( L*J)+TP( 1+3)

170 P( tl+J )=P( M+J )+TP( 1 +6 )
IF(IFGPL(NPNTP)*EQO) GO TO 190
DO 174 I=1,9
TVP( I)=0.0
DO 174 J=196
TVP( I)=TVP( I)+BB( J I )*EPSDN( JN, NTP)

174 CONTINUE
DO 180 1=1,3

PC K+J )=P( K+J )-TVPC I)
PC L+J )=P( L+.J)-TVP( 1+3)

180 Pc M+J )=P( M+J )-TVP( 1+6)
190 CONTINUE

RETURN
END
SUBROUTINE XIIODFY( UvN)
COMION/NXSOLV/SK (36 P24 )PR1 (132 )YFTOT( 132)PNSZF
NBAND=24

DO 10 t=29NBAND
K=N-M+1
IF(K.LE.0) GO TO 5
R1( K )=Rl( f< )-SK( K gM)*

4 - SK,M )=0.,

5 K=N+tl-1
IF(NSZF.LT.K) CO TO 10
R1( K)=Rl( K)-SK( NpM)*U
SK( NPM)=0.,

10 CONTINUE
SK(N,1 )=1.

RETURN
END
SUBROUTINE XSOLVE

COMMON/NXSOLV/SK (36 9,24 )R1 (132)PFTOT( 132)PNSZF
NB AND= 24
DO 300 NBNS
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20IF(SK(NPL)) 240s2909240
14 C=SK( NY L )/SK( 11-1

J=0
D 2170 K=LYNBANJ

IF(SK(tNyK)) 26052707260
260 SK( I vJ)=SK(I19.1)--AC*SK( 09K)
270 CONTIOUE

280 SK(NgL):= AC*(N

290 CONTINUE
300 R1(N)=R1(t4)/SK(Nvl)

C
N=NSZF

350 N=N-1
IF(N) 5009500P360

360 L=N
DO 400 K=2PNBAND
L=L+l
IF(SK(NPK)) 370s,400,370

370 R1( N)=Ri( N)-SK( NyK)*Rl( L
400 CONTINUE

GO TO 350
C
500 RETURN

END
SUBROUTINE YIELD( NgNSYMTYPE)
DIMENSION DALFA( 6 )VST CYB( 3)
COMMON/PLAS/ALFA(6y 4v8)qSIGYLD(7,6,v8),IFCPL( 498)
COMMON/INCR/NOLINCNOL, INERTNUMMATtSIGTOT( 12, 4P8)

l,EPSTOT(12P 4,8)
COMMON/ARG1/SIG1( 18),EPS1V 18)~,P( 12),CEPSP( 6 6

C=SIGYLD( 7 9,MTYPE , NS)
DO 50 I=196

50 ALFA( INNS )=ALFA( INNS )+C*t'EPSF'( +6)
C WRITE( 6,1000 )NvNS
C1000 FORMAT( "t" ALFA FOR EL "P159" SEGM1ENT", IS)
C WRITE(6,1100)(ALFA(INNS)PI=l,6)
1100 FORMAT(" "96E12-6)

DO 100 I=1,6
100 SIG1(I)=SIQTOT(I6,NNS)-ALFA("ia",1N3),

C GET COMBINATION YIELD STRESSES
SIGYB( 1)=l1/SICYLD( 1,MTYPENS)**2-I../SICYLI(2MTYPE,14S)**2

1 -lo/SIGYLD(3pMTYPEYNS)**2
SICYB(2)= l./SICYLE'(2,MTYPENS)**2-l,/SIGYL( 1MTY% -ENS)**2

1 -l./SIGYLD(3yMTYPEoNtS)**2
SIGYB( 3) = 1 */SICYLD(39MTYPEPNS '**2-1 /SIGr2YLD(2tMTYPEyNS )**2

1 -1./SICYLD( 1vMTYPFNS)**2
C TEST YIELD CRITERION **Kttt

TEST=0.0
DO 200 1=1,6

200 TEST=TEST+SIG1( I )**2/SIGYLD( 19 VTYPE YNS )*4z2
TEST=TEST+ SIGYR( I )*SIG1(2'))*SIG1( 3) +SIGYTI 2)*-.;IC1( 1)*SIcl( 3)

1 +SIGYB(3)*SIG1( 1)*SIG1(2)
IFCPL( NtNS )0
IF CTEST*LE*1*0) GO TO 500
IFGPL(t4,NS)=l

500 RETURN
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